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Haina crpana, pacnojiaran orpoMHbiMH sanacaMH riiÄposHepriiH, 

noCJie/IOBaTCJIbHO OCyUieCTBJIHeX CXpOHTeJIbCTBO MOmHblX rHÄp03JI6KT- 
pocTaHUHH, HacocHHX H rHÄpoaKKyMyjiHpyiomHX cTaimHH, iicnojib- 
syeMHX ÄJiH peiueHHH pHÄ3 KOMiiJieKCHbix aa^an HapoÄHoro xosHHCxBa. 
B CCCP sKcnjiyaTHpyioTCfl MomHHe rHÄpocTaHUHH, na KoxopHX ycia- 
HOBJieHH oienecTBeHHbie rHÄpoTypÖHHH, oÖJiaÄaiomHe bucokhmh tcx- 
HHKO- 3 KOHOMHnecKHMH noKasaxejiflMH. B HacToamee BpcMH npoeKTH- 
pyiOTCH H HSrOTaBJIHBaiOTCH yHHKaJIbHHe rHÄpOTypÖHHbl rHÄpO 

CTanuHH Chöhph, CpeÄHefi Ashh, KaBKasa h Äpyrnx pafloHOB CTpaHbi. 
PaspaöoTKa coBpeMeHHbix rHÄpoxypÖHH, oöJiaÄaiomHX bucokhmh 3Hep- 
rOKaBHXaUHOHHblMH XapaKXepHCTHKaMH H nOBblllieHHOfi ÕblCXpOXOÄHO- 

cxbK), cxajia bosmojkhoh ÖJiaroÄapn npHMCHeHHK) coBpcMeHHHX xeope- 
THnecKHX H sKcnepHMCHxaJibHHX mctoäob HCCJieÄOBaHHH paöonero 
npouecca rHÄpoxypÖHH c HcnojibsoBaHHCM 3BM. HacToamee yneÕHoe 
nocoÖHe cjiyÄHT rjih noAroxoBKH cneunajiHcxoB, oÖJiaÄaiomHX onpeÄe- 
JieHHUMH SHaHHHMH B OÖJiaCXH paCneXOB H 3 KCIiepHMeHXaJIbHOrO HC- 
cjieÄOBaHHa rHÄpoMauiHH. 

S^ecb paccMoxpeHH ochobh xeopHH paõonero npouecca h rH^po- 
MexauHuecKHe Mexojlbi pacuexa h Buöopa ajieMeuxoB npoxouHoft uacxH 
mflpoxypÖHH, Koxopbie uaiiuiH npuMeHeime b muKeHepuou npaKxuKe. 
KpoMe xoro, usjiaraexcu cyiuuocxb hobbix MexouoB pacuexa jionacxHHX 
CHCxeM,.KOXopbie nauHuaiox BHeÄpuxbCH b npaKXHxy rnÄpoxypöocxpoe- 
HHH ua öase npuMeneHHa 3BM. 

OcBoeuHbieH npOBepeuHbieMexoubipacqexa u HccjieuoBaHHsi sjieMeH- 
TOB npoxonuoH uacxH ruÄpoxypÖHH (cnupajibUbix KaMep, cxaxopoB, 
nanpaBJiBioiuHx annapaxoB, paöounx KOJiec pasjiHnubix xunoB, oxca- 
cbiBaioiUHX xpy6) n3Jio>KeHbi ÄOCxaxouHo noÄpoÖHo. 3xo nosBOJiHX 
HcnojibSOBaxb HSJiouieHHbiH B KHHre MaxepHaJi nouroxoBKH k npaK- 
THHeCKHM H JiaÕOpaXOpHbIM SaHBXHBM, npH BbinOJIHCHHH KypCOBOFO 
H ÄHHJioMHoro npocKXOB HO THÄpoxypÖHHaM. 

B yqeÖHOM nocoÖHH HcnojibsoBaHbi MaxepHajibi Kypca jickuhh «Fhä- 
paBJiHqecKHe xypÖHHbi», UHxaeMoro aBXopoM cxy^eHxaM cneuHajibHo- 
cxH «PHÄpaBJiHqecKHe ManiHHbi h cpe^cxBa aaxoMaxHKH» sHeproMaiiiH- 
HocxpoHxejibHoro (J)aKyjibxexa XapbKOBCKoro opÄena JleuHHa noJiH- 
TexHHuecKoro HHCXHxyxa hm. B. H. JleHHHa [2; 3; 4]. 

Bhjih HCnojibSOBaHbi xaKXie HSBecxHbie oxeqecxBCHHbie h sapyõexc- 
Hbie MOHorpa4)HH, cxaxbu h ^pyrne xexHHuecKHe MaxepHajibi. 
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PjiyöJKe HsyqHTb HHTepecyiCÄiiHe qHxaTejiH bonpocH noMOJKex 
cnHcoK peKOMCHÄyeMOH jiHxepaxypbi, npHBeÄeHHbifi b KOHue khhfh. 

EäHHHUH HSMepeHHH B HaCXOHmeM nOCOÖHH npHBOÄHXCH bTcxhh- 
qecKOH CHCxeMe cähkhu, xaK KaK b jiHxepaxype no rHÄpOMaiuHHaM 
iiiHpoKO npoÄOJOKaiox nojibSOBaxbca axofi cmcxcmoh. Mxoõh nepenxn 
K MexyiyHapoÄHOH cHcxcMe eÄHHHU CH, cjiCÄyex nojibSOBaxbca xaöji. I, 
nOMCmeHHOH B npHJIOXteHHH. 

Abtop Bbipamaex ÖjiaroÄapHOCXb: peueHsenxaM KaHAWÄaxaM xexnn- 
iiecKHX HayK B. H. Cy^Hre (BopomHJiOBrpaÄCKufl MaiiiHHOcxpoHxejib- | 

HblH HHCTHXyx) H T. A. CfiHHapeBy (yKpaHHCKHH HHCXHXyX HHJKeHe- J 

pOB BOÄHoro xoasiHCXBa, r. Pobho), npc^eccopy JX. AjicKcanojib- \ 

cKOMy H ÄOueHxaM B. A. KojibiqeBy, B. E. JlaceHKO, O. B. IloTexeHKO^, ’ 

n. C. SaBbflJiOBy (XapbKOBCKHH opÄCHa JlenHHa noJiHxexHHqecKHfi 
HHcxHxyx HM. B. H. JlcHHHa) 3a nojiesHbie saMeqaHHH, BHCKasaHHbie j 

npH oÖcyxyieHHH yqeÖHoro nocoöna, a xaKXce P. 3. AxaManOBOH 3a 
ueHHyio noMOiiib npH noÄroxoBKC pyKonncH. 


BBEAEHHE 


§ 1, CoBpeMCHHoe cocToanne 
n nepcneKTHBbi pasBHTHa rH^poanepreTiiKH 

Co3ÄaHHe H pa3BHXHe sneprexHKH Hauiefi Poähhh xecHO cbh3^o 
c PocyÄapcxBeHHHM njiaHOM 3JieKxpH4)HKai;HH Pocchh (njian FOSJIPO), 
paapaöoxaHHbiM noÄ pyKOBOÄCXBOM B. H. JlenHHa. 3xox njiaH, yxBepjK- 
ÄeHHbiH B 1920 roAy VIII cbesÄOM CoBexoB b KanecxBe BxopoH npo- 
rpaMMH napxHH, nojioJKHJi Haqajio 3JieKxpH4)HKauHH h npoMbimjieHHoro 
päSBHXHH CCCP. B xeqeHHe 10—15 Jiex npeÄycMaxpHBaJiocb nocxpo- 
HXb pHÄ aJieKxpocxaHUHH oömefi MomHOCXbK) N = 1,75 MJiH. Kem c ro- 
noBOH BbipaöoxKOH sjieKxposHeprHH 3 = 8,8 MjipÄ- Kem • h, b xom 
HHC/ ie 10 FHÄposJieKxpocxaHUHH (PSC), npcÄÄC bccfo BojixoBCKyio 
H JJnenpOBCKyK). Vnce qepea 10 Jiex njian r03JIP0 öuji nepesbi- 

nojiHeH. ^ ^ 

B Hacxoamee BpeMH FHÄposHeprexHKa CÄCJiajia õoji^oh mar b^ 

pea ÄJia cpaBHeHHH oxMexHM, qxo cefinac OÄHa xojibko bpaxcKaa 
Bbipa6axHBaex aa foä anaqHxejibHO Oojibiue snepFHH, ^ ^ipaöaxbi- 
BajiH Bce sjieKxpocxaHUHH, nocxpoeHHbie no njiany r03JlPO. leMnbi 
pocxa oxeqecxBeHHOH snepFexHKH, b xom HHcae h FHÄposHepFexHKH, 
npeacxaBJieHbi b xaöji. 1. 


Ta 6 Aut{a 1 . Poct MomHocrefi sjieKTpocxaHUHfi h nponsBOACTsa 
saeKxpoaHeprHH b CCCP 



Bce sjieKTpocTHHUHH XenjioBbie sjieKTpocTaHUHH 


N, MJJH. 3. MJlpa. 
Kem Kem^v 


2,04 

48,31 

43,3 

91,2 

292,3 

507 

740 

830 

1038 

1400 


N, MJIH. 
Kem 


16,396 

51,94 

92,8 

134,5 

144,2 

169,8 


3, MJIPÄ- 
Kem-H 



FMÄpaBJiH^iecKHe sjieKipo- 
CTanuHH 




N, MJIH. 
Kem 


0,016 

1,587 

1,252 

3,218 

14,781 

22,2 

31,5 

33,8 

48,2 


9 , MJipfl. 
Kem ■ H 


0,035 

5,113 

4,841 

12,691 

50,913 

81 

123 

140 

175 


5 



Haina cTpana oöJiaÄäer npuMepHö 12% MiipoBHX aanacoB: rHÄpo~ 
pecypcoB- TexHHqecKHH noTCHUHaji rHÄpoaHeprexHneCKHX pecypcoB t 

CCCP cocraBJiHCT okojio 250 mjih. mm c foaoboh BupaöoTKOH npH- 
MBpHo 1000 MJipÄ- mm • h (cbhiiic 80% —b AaHaxcKOH nacxH cxpaHbi). 

B Hacxoflmc6 BpeMH b EBponcHCKOH nacxH HcnojibsyexcH npHwepHo , 

33%, a B ÄBHaxcKOH—7% xHÄpoaHeprexHnecKHx pecypcoB. Ho pasMaxy 
cxpoHxeJifacxBa 130 h hx moiuhocxhm CCCP saHHMaex nepBoe mccxo 
B MHpe. Cefinac cxpoHXCH XHÄpoaJieKxpocxaHiiHH cyMMapHofi Momno- 
CTbK) 27 MJIH. mm. Hocjie hx BBO^a Momnocxb Bcex PSC ÄOCXHrnex 
75 MJIH. K8m, a hx roÄOBan BHpaöoxKa cocxaBHX 224 MJipA- mm • h. 

IlpH 3X0M B EeponeficKOH qacxH CCCP öy^ex HcnoJibaoBaxbCH 44,1% 'l 

XHÄposHepropecypcoB, a b AsHaxcKoä — 13,5%. ^ * 

CorjiacHO peiiieHHHM XXV cbesjj^s. KHCC h HapoAHOxosHHCxBeHHOMy 
DJiany äg^^toh nnxHJiexKH k 1980 roÄy HaMeneno bbbcxh b ÄCHCxBHe 
SJICKXpOCXaHHHH OÕmCH MOUIHOCXbK) 60 -j- 70 MJIH. mm, XJiaBHHM o6- 
pasoM MomHbie xenjiOBue, axoMHbie h xHApaBJiHHecKHe. IIpohsboäcxbo 
9jieKxpo3HeprHH b 1980 ro^y öyAei ÄoneAeno äo 1400 MJipÄ- mm • h, 
a oöuiaH MomHOCXb Bcex ajieKxpocxanuHH cocxaBHX 288 mjih. mm. Bh- j 

paöoxKa axoMHbix h rHupaBJiHHecKHX cxanuHfi yBCJiHHHXCH c 22% b äg- 
BflxoH HflXHJiexKe RO 4Õ% Bcefi BbipaöaxbiBaeMOH sneprHH. 

IIInpoKoe cipoHxejibcxBO yHHKajibHbix I3C pasBepnyjiocb b Ash- I 

axcKOH HacxH cxpaHH H ocoöeHHO B CnÖHpH. B xHÄposHeprexHKe npen- j 

MymecxBeHHO cxpoHx XHÄpoysjiH, no3BOJiHK»iiHe KOMHjieKCHO peniaxb na- 
poÄHOxosHHCTBeHHbie sa^aHH. SaBepuiaexcH cxpoHxejibCXBO xaKHX Mom- 
HHX130, KaK HypeKCKan {N=2,7 mjhi. mm, p. Baxm, Cpe^HHA Ashh), 
ycxb-HjiHMCKafl {N — 4,3 mjih. mm, p. Anrapa), CaHHO-IIIymeHCKaH 
= 6,4 MJIH. mm, p. Ehhcch), HHrypcKan {N = 1,3 mjih. mm, 
SaKaBKasbe) h 7lHenpor3C II {N = 825 xhc. mm, p. Jlnenp). CxpoH- 
maacH CaHHo-IUyineHCKaH I3C no CBoefi moiuhocxh npcBbicHx ägö- 
cxByiouiyio KpacHOHpcKyio I3C, ycxaHOBJieHHan Momnocxb Koxopoö 
N = 6 MJIH. mm, a eÄHHHHHaa mouihoctb arperaxa 500 xbic. mm. Ha i 

HCH ycxanaBJiHBaioxcH molhhhc rHÄpoarperaxbi no 640 xbic. mm k & tk - 
j^biH. B nepcncKTHBe naMenaexCH pasBepnyxoe cxpoHxejibcxBO KacKaAOB 
I3C ÄJiH ocBoeHHH Anrapo-EHHceHCKoro öacceÄna, rn/iposHeprexHHe- 
CKiie pecypcbi Koxoporo oneHHBaiOTCH b 270 MJipÄ- mm - h , a^ xaKJxe 
FHjipopecypcoB p. eTIeHbi (200 MJipÄ- mm • h). B EBponeficKOH nacxH * 

CCCP pasBCpHyjiocb cxpoHxejibcxBO KpynHHX nHKOBbix FHÄpoaKKyMy- 
jinpyK)m.Hx cxanuHH (PÄSC). ^ ( 

CoEpeMCHHue MomHbie 3HeprocHCxeMU npeÄCxaBJiniOT coõoh o6oc- 
HOBaHHblH KOMHJieKC XeHJIOBblX, aXOMHblX H FHÄpaBJIHHeCKHX SJICKXpO- 

ciaHUHH (oöbiHHbix I3C H rHÄpoaKKyMyjiHpyioin.Hx — FASC), Ka>K- 
Äan H3 Koxopbix necex HarpysKy xbkhm oöpasoM, hxoöh xexHHKO-3KO- 
HOMHHecKHe noKasaxejiH SHeprocHcxeMbi öbuih onxHMajibHbiMH. XIojih ^ 

XHÄpOSJieKXpOCTaHUHH B yÄOBJieXBOpCHHH HOXpeÖHOCXeH CXpaHU B3JieK- 
xpoaneprHH saBHCHX npexcAe BCero ox BCJiHHHHbi rHÄposHeprexHnecKHX 
pecypcoB, HaJiHqHH ÄpyrHX hcxohhhkob sneprHH h ee xexHHnecKoro 
pasBHXHH. HoxeHUHajibHbie rHÄpopecypcbi na seMHOM mape pacnpeÄC- 
jieHbi HepaBHOMepHo (xaÖJi. 2 npHJiojKeHHH). CxeneHb HcnoJibsoBaHHH 


rHÄpopecypcoB oxÄeJibHbiMH cxpanaMH xaKJxe HepaBHOMepHa.^Mupo- 
BOH xHÄposHeprexHHecKHH noTeHUHaji, xexHHnecKH bosmoh^hbih k hc- 
noJibSOBaHHK), oneHHBaexcfl xbk: N = 2 724 044 Mem. OOman Mom- 
Hocxb F3C MHpa b 1970 ro^y cocxaBJiHJia npHMepno N = 260 Mem, 
T. e. MeHee 10% ox xexHHnecKoro noTCHUHajia. 3 to CBHÄexeJibCXByex 
O TOM, Hxo B MacniTaöax njiaHexbi rHÄpopecypcbi HcnoJibsyioxcH hcäo 
cxaxoHHo, xoxH oxflejibHbie cxpaHbi äocxhxjih b 3xom öojibiuhx ycnexoB- 
TaK, HanpHMep, b UlBeuHH h HopBexHH na jtoJiio F3C npHXOÄHXca 
OKO.ao 98% BceH BbipaöaxbiBaeMOH sJieKXposHepxHH. B Hhohhh 3xa 
UH^ipa ÄOCXHxaex 70%. B ŠanaAHOÖ Espone k HacxosimeMy BpeM^H 
HcnoJib 3 yexc 3 cBbime 50% HMeiouiHXCH xHApopecypcoB, b CLLIA h Ka- 
HaAS OKOJIO 30%. 

PasBHXHe coBpeMeHHOH sneprexHKH H^ex no cjieAyionXHM HanpaBJie- 
hhhm: öbicxpoe cxpOHxeJibCXBO MouiHbix xenJioBbix h axoMHbix sJieKxpo- 
cxaHUHH B Mecxax, yAajienHbix ox hcxo^hhkob boahoh aneprHH; ycKO- 
peHHoe cxpoHxejibcxBO MomHbix F3C B paöoHax, öoraxbix eoakbimh 
pecypcaMH (xaKHe F3C hbjihioxch ochobhbimh onopHbu^iH nynKxaMH 
MomHbix 3 HeprocHCxeM); HcnojibSOBaHHe xenjioBUX ii axoMHbix sjieKXpo- 
cxaHUHH B õasHCHOH nacxH rpa4)HKa narpysKH h noKpHXHe hhkoboh 

nacxH rpacJiHKa npH domoihh FSC h FA3C. TACkr’ 

OcoOoe BHHMaHHe, yAeJiHCMoe cxpoHxejibcxBy F3C h FA3C, oohhc- 
HHexcH HX HeocnopHMbiMH npeHMymecxBaMH nepeA xenjiOBHMH h axoM- 
HHMH sAeKxpocxannHHMH. K HHM oxHOCHXCfl, npexiAe Bcero, cJieAyioiH^: 

1 . BbicoKan 34 )(})eKXHBHOCXb HcnoJibsOBaHHH xHAposHeprHH Ha F 3 C. 

Ko3(})(t)HnHeHX nojiesHoro AeficxBHH Momnbix coBpeweHHbix THApaanH- 
qeCKHX xypÖHH HH OHXHMaJIbHOM pCHCHMe paöoxH AocxHxaex 93 95 

TaK KaK KFl/T rHAporenepaxopa eme Ebime (96—98%), xo hojihhh 
KUJX MOHiHoro XHApoarperaxa (xHApoxypöHHa — reHepaxop) npesbi- 
luaex 90%. JlJisi cpaBHeHHH oxmbxhm, hxo KHiX coBpeMCHHbix Momnbix 

xenjiOBbix xypöoÖJiOKOB ne öoJiee 40%. ^ 

2. CeOecxoHMOcxfa l mm -h snepiHH, BbipaöaxbiBaeMOH Ha IdU, 
B cpeAHeM B naxb, a na HCKOxopbix FSC b Aecaxb paa AemeBJie, neM na 
xenJioBbix cxaHUHHX. HanpHMep, a^h Kpynubix F3C CnOiipH (KpacHO- 
apcKan, CaaHo-IllyineHCKaH) oHa cocxaBJiaex 0,04—0,0o Konlmm - h. 
KanHxaJiOBJiojKCHHH npn cxpoiixeJibcxBe ESC, öojibmae no cpaBHeHHio 
c xenjiOBbiMH cxaHUHHMH, OKynaioxcH b xeqeHiie 5—10 nex. C pasmi- 
XHBM MexaHHsauHH cxpoHxejibHbix paOox cpoKH cxpoiiTeJibCXEa IdC 
HenpepbiBHO coKpauiaioxcH h õyAyx AOBeAeiiH b öjni/KaHUine roAti ao 
4—5 Jiex. 

3. CoBpeMeHHbie ESC — 3xo noAHOcxbio aBxoMaxiiSHpoBaHHbie 
npeAnpHHXHH, xag yqacxne aioabh b vnpaBAeHHH arperaxaMH cbcacho 
AO MHHHMyMa. PacxoAbi no ynpaBAeniiio AencxByiOLUHMH F3C sHann- 
xeAbHO MeHbine no cpaBHeHiiio c ApyrK-Mii sAeKxpHnecKHMH cxaHUHHMU. 

4. EHApaBAHHecKHe xypÖHHbi HaA^JKHbi B sKcnAyaxaiiHH h cnaoiKe- 
HHH noxpeÖHxejieft sAeKxposHepxHeH. FHApoxypöiiHbi na FSC paöoxaiox 
Ha npoxHA^eHHH AecHXHAexHÖ; oahhko cxeHeHiieM BpeMeHii Mo>Kex Bcxaxb 
Bonpoc o saMCHe xexHHnecKH ycxapeBiuero sHeprexHnecKOro oöopyAO- 
BaHHH COBpeMeHHbIM, ÖOAee SKOHOMHqHHM. 
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5. BbicoKaji MaHCEpeHHOCTb rHÄpoxypÕHH, FHÄpoarperaTbi Ha FSC 
Moryx 6bixb nocxaBJieHbi hoä nojiHyio HarpysKy b xeqeHHe 1—2 MHHyx. 

OhH Õbicxpo HSMeHHIOT MOIHHOCXb B COOXBCXCXBHH C HarpySKOH SHCp- 
rocHcxeMbi, qxo SHaHHxejibHO yjiynmaex ycjiOBHH paöoxH h xcxhhko- 
SKOHOMHqecKHe noKaaaxejiH xeiuioBbix h axoMHbix sjieKxpocxaHUHfi, 
bxoähiuhx b axy SHeprocHcxcMy. 

6. FHÄpoajieKxpocxaHHHH Hcnojibsyiox nenpepbiBHO BOcnojiHHeMyio 
SHeprHK) peK (xaK HasbiBaeMbifi «öejibiö yrojib»). 


§ 2. TexHHqecKne cxeMbi ncnojibsoBaHHA rnji^poaHeprHn 


Boah, ÄBHraacb b pexax noA AeficxBHeM chji xh^ccth, coBepmaex 
paõoxy. Z1.JIH ÄByx ceqeHHH pexH na yqacxKe A*n:HHOH L (pHC. 1) yAeJib- 
Han SHeprHH noxoxa paBHa: 


Ei=^ + 2i + ai2|; 


E 2 = + ^2 + <^2 ^ • 


PasHOCXb yACJibHbix sneprHH noxoKa b ceqeHHHX 1—1 h 2—2 npeA- 
cxaBJiHCT C060H (cpaõambieaeMbiu nanop H), Koxopyio coBep- 

maex 1 kb boabi npH ero nepeMcme- 
HHH H3 nepBoro ceqeHHH bo Bxopoe: 

-+ 2:2 + «2 ^ y (2) 

Phc. I. K onpeAe.ieHHK) MomnocTH no- r-r 

TOKa Ha ynacTKC penn jijihhoh L. FIpeAnoJiaraa, qxo A^BJieHHH 

H KHHexHqecKHe SHepxHH noxoKa 
B paccMaxpHBaeMbix ceqeHHHX paBHH, paöoxy, coBepmaeMyio BecoBbiM 
pacxoAOM yQ b eAHHHuy BpeMeHH, onpeAeJiaiox no (|)OpMyjie 

^ = tQ (^1 — ^ 2 ) = = 9,81QH, Kem. (3) 

FlyxeM cxpOHxejibcXBa na pexax rnApoajieKxpocxaHUHH h ycxanoB- 
KOH B 3AaHHH F3C THApoarperaxoB rHApaBJiHqecKan SHepxHH noxoKa, 
paccpeAoxoqeHHan na onpeAejieHHOM yqacxKe peKH, KOHueHxpnpyexcH 
B oahom Mecxe h npeo6pa3yexc5i b sJieKxpnqecKyio. 

JXJifL oöecneqeHHH paöoxbi rHAposHeprexnqecKOH ycxaHOBKH neoö- 
xoahmo; 

KOHHeHxpHpoBaxb SHeprHK) noxoKa b BbiöpaHHOM cxBope penn, x. e. 
cosAaBaxb nanop na F3C; 

peryAHpoBaxb pacxoA boabi na F3C npn noMomn BOAoxpaHHJinma 
AJiH cooTBexcxBHH pacxoAOB B pcKC H noxpeÖHocxH BOABI AJiH oöecneqc- 
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HHH xpeõyeMOH moiahocth rHApoarperaxoB cxanuHH h BBipaöoxKH hmh 
pacqexHoro KOAHqecxBa SHeprHH. 

FIpH cxpoHxeAbCTBe rHApo3AeKxpocxaHUHH, KaK npaBHAO, pemaexcB 
KOMHAeKc HapoAHoxo3HHCXBeHHBix 3aAaq: BBipaöoxKa sjieKxposHeprHH, 
opouieHHe aeMejib, oöecneqeHHe boaoh npoMBiiujieHHBix pafioHOB, yjiyq- 
meHHe ycAOBHH cyAoxoAcxBa h x. a. 


J 



Phc. 2. FIjioTHHHaH cxeMa. PycjioBan FSC: 

a — iviaH coopyjKeHHfi; 6 — nonepe^Hufl paspea no 3;iaHHio: 1 — SÄaHne r 3 C; 2 — BOÄOcJiHBHaH 

cmoTHHa; 3 — aeiuiHHaa nnoTHHa; 4 — umoa. 
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B ifpaKTHKe rHÄposHepreTHqecKoro cxpoHxejibCTBa npHMeHHiox pas- 
jiHqHHe TexHHqecKHe cxcmh HcnojibsoBaHHH boähoü SHepxHH ^ 
291. B aaBHCHMOcxH ox MecxHbix ycJioBHH KOHueHxpauHH Hanopa na 1 dL. 
nocxHraexcH npH noMom.H xHApoxexHHqecKHX coopyHceHHH, oÖpasyio- 
mHX cjiCÄyioiUHe xexHHqecKHe cxeuu: njioxHHHyio, AepHBauHOHHyio 

H nJIOXHHHO-ÄepHBaUHOHHyiO. 

njioTHHHaa cxeMa. Hanop na xHÄpoaJieKxpocxaHUHH cosAaexCH npH 
noMomH njioxHHbi, neperopaJKHBaiomeH pexy. Bbicoxa hjioxhhh h co 3- 
ÄaBaeMMH nanop sasHCHX ox xonorpa(|)HqecKHX h reoJioxHqecKHX ycjio- 



Phc. 3 . rijioTHHHafl cxeMa (npHnJioTHHHaa FSC): 


a — luiaH coopyÄeHHÖ; 6 
2 — HanopHue boäoboäw; 


— nonepeqHfaift paapea no ipioTHHe h SAaHHio: 1 — luioTHHa rJiyxaa, 
3 ^ aAaHHC TSC; 4 — rHAPoarperar; 5 — nnoTHHa BOÄocjiHBHan, 
g — cyÄonoAi»eMHHK. 


I 


i 


1 


f 
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BHK H ÄOnyCXHMblX C BKOHOMHqeCKOH XO^KH speHHH SaXOBJieHHH OKpy- 
jKaioineH mccthocxh. BeJiHqHHa cosAaBaeMoro nanopa mo^kct naxo- 
HHXbCH B npeAeJiax 3—300 m b saBHCHMocxH ox MCCXHbix ycjioBHH. Hxo6bi 
H36ejKaTb qpe3MepHbix 3axonjieHHH MecxHOCXH,^njioxHHbi Ha paBHHHHUx 
Dexax oöbiqHO cxpoax oxHOCHxeJibHO HeõojibuioH Bbicoxbi (ne oojiee 4U m). 
KpoMe njioxHHbi (rjiyxoH hjih boaocjihbhoh) b cocxaB xHApoxexHHqe- 
cKorp ysjia oöuqHO bxoaht BOAOCöpocbi, copooqHCXHbie coopy>KenH5i, 
saaHHe c sHeprexHqecKHM oöopyAOBaHHeM, iujiios, pbiõoxo^i h aP- 
B 3 aBHCHMOCXH OX BeAHqHHbi Hanopa h paaMepoB rHApoTypOHH xHApo- 
cxaHUHH Moryx öhxb AByx xhhob — pycAOBbie h npHnAoxHHHbie. 

P Y c A O B bi e — 3AaHHe FdC bxoaht b cocxaB coopyxceHHH, co3- 
AaiouiHX Hanop (pHC. 2 ), h noAHocxbio BocnpHHHMaex CABHxaKMAHe 

H OnpOKHAHBaiOIIiHe yCHAHH, AOHCXByiOIAHe Ha Hcro CO CXOpOHbl BOÄH. 


rSC xaKoro xHna cxpoHx npH nanopax 3—40 m h ycxaHaBAHBaiox Ha 
HHX, XAaBHblM OÖpasOM, OCeBblC THApOXypÖHHbl. 

npHHAOXHHHbie — BAaHHC FSC HaxoAHXca HenocpeACX- 
BCHHO 3a HAOXHHOH (pHC. 3). TaKHC F3C CXpOAX HpH CpCAHHX H BblCO- 
KHX nanopax {H = 40 300 m). FIoaboa boah k xypÖHHaw ocyme- 
cxBAHexcH npH noMOiUH BOAonpHOMHHKOB H xypÖHHHbix boaoboaob. 
ycxaHaBAHBaeivibie xhiiu xypÖHH: oceBbie hah AHaronaAbHbie noBOpoxHO- 
AonacxHbie h paAHaAbHO-oceBbie, b aaBHCHMOcxH ox BCAHqHHbi Hanopa, 
rpa(|)HKa narpyaKH h xpeöoBaHHÖ, npeAX>HBA5ieMbix k ycranoBKe xyp- 
6 hh Ha F3C. 



Phc. 4 . /]|epHBauHOHHafl cxeMa: 

C — njiaH coopysceHHft; 6 — BepTHKanbHHfl paspea: 1 — nJiOTHHa; 2 — AepHBauHfi; 3 — TypÖHHHHC 

BOflOBOÄtJ; 4 — sjiaHHe FSC. 


/^epHBaHHOHHaa cxeMa. Flpn öoAbuiHX yKAOHax peK c oxHOCHxeAbHo 
MaAbiMH pacxoABMH BOAy oxboahx b xaK Ha 3 biBaeMyK) AopuBauHK) (xa- 
HaA HAH XyHHeAb). FHApaBAHqeCKHH yKAOH AepHBaUHH BblÖHpaiOX MH- 
HHMaAbHbiM, o 6 ecneqHBaK)u;HM noxpeÖHbiö pacxoA. TaxHM oöpaaoM, 
3 HaqHxeAbHbiH nepenaA pexH, b ecxecxBCHHOM cocxohhhh paccpeAOxo- 
qcHHbiH Ha õoAbinoM npoxHJKeHHH, npH noMomn AepHBauHH KOHHeHxpH- 
pyiox B OAHOM Mecxe, tac cxpoHX 3 AaHHe F3C h ycxaHaBAHBaiox xHApo- 
arperaxH. Tpacca AcpHBapHH AOAA^na 6bixb no bosmoähocxh Kpaxqan- 
meö, qxoöbi HBÖejKaxb AonoAHHxeAbHbix noxepb Hanopa. J],epHBaii.Hfl 
MOACeX ÖbITb nOABOAHineÖ HAH OXBOAHUI.eH. OAHa H3 B03M03KHbIX CXeM 

yKasana na pnc. 4 . 

KoMHAeKc AepHBapHOHHOH F3C BKAioqaex; xoaobhoh yseA (hao- 
xHHa, BOAOCöpocbi, BOAonpHCMHbie coopyjKCHHH); AepHBapHK) (KanaA 
HAH xyHHCAb); cxaHLi.HOHHbiH yscA (HanopHbiH öacceÖH, ypaBHHxeAb- 
HbiH pesepByap, xypÖHHHbieBOAOBOAbi, 3 AaHMe F3C h oxboahu].hö KanaA), 
Hanopbi, co 3 AaBaeMbie npn noMom,H AepHBauHH, naxoAHxcn b npeAC- 
Aax H = 200 -T- 2000 m h aaBHcnx ox npHpoAHbix h Apyrnx ycAOBHH. 

Ha AOpHBauHOHHbix F3C npHMenniox CAeAyiom.He xnnu xypönn: pa- 
AHaAbHO-oceBHe {H < 650 m) hah KOBUiOBbie {H > 300 m). Bbiöop 

li 
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THna TypõHHbi npoHSBOÄHTCH B Ka^KÄOM KOHKpexHOM cjiyqac Ha ocHoea- 
HHH TeXHHKO-SKOHOMH^eCKOrO CpaBHeHHfl pflÄ3 BapHaHTOB. 

njiOTHHHO-ACpHBai4HOHHafl cxcMa (pHC. 5 ). Hanop na CTaHUHH co3- 
/lasTCH npH noMOiHH ruioxHHbi H ^cpHBauHH OÄHOBpcMCHHO. EcjiH pcKa 
Ha BepXHBM ynacTKe HMeex MaJiufi yKJiOH, xaw ueJiecoo6pa3HO nocxpo- 
HXb nJIOXHHy H C03JI,3Xb BOÄOXpäHHJIHIIl.e, KOXOpOC ÖyÄGX HCnOJIb30BaHO 

ÄJiH peryjiHpOBaHHH pacxoAa na FSC. OoBepxHocxb boäh b BepxHCM 
6be<J)e BOAoxpaHHJiHma oöpaayex KpHByio noAnopa. BcjieACXBne axoro 
cxaxHHecKHH Hanop //ct nojiy^aexca MeHbuie, hcm Ha—k- OcHOBHasi 



Phc. 5. rLioTHHHO-ÄepHBauHOHHaa cxeMa: 

a — lyiaH coopyÄeHHfi; 6 — BepTHKaabHwft paspea: 1 - luiOTHHa; 2 — AcpHBaipjH: 3 - ypaB- 
HHxeJibHbifi peaepayap; 4 — TypÖHHHue boaoboau; 5 


qacxb Hanopa coBAaexcn, KaK npaBHJio, A^pHEauHCH. BejiHHHHa nano- 
poB H Hcnojib3yeMoe xypÖHHHoe oöopyAOBaHHe xaKHe xce, KaK h b 
cjiynae AepHBauHOHHofi cxeMbi. 

Cne4HajibHbie cxeMU. K hhm oxhochxch xHApoaKKyMyjiHpyiomHe 
H npHJIHBHbie CXaHUHH. /r-ACir-\ C' 

r HApoaKKyMyjiHpyiomHe cxaHUHH (rA3C). CoBpe- 
MeHHbie sHeprocHCxeMbi o6beAHHHiox pasjiHMHbie XHnu sJiCKxpo- 
cxaHUHH, KasiAa^ k 3 Koxopux paöoxaex BonpeAeJieHHofl^acxH rpa^iHxa 
HarpysKH, oöecneqHBafl HaiiöoJibuiHH SKOHOMHqecKHH 9 (J)(})eKx. B öasHC- 
Hoii H noJiyöasHCHOH nacxax rpa4}HKa HarpyaKH paöoxarox b ochobhom 
KOHA eHcauHOiiHbie H xenjio4)HKau,HOHHbie sjieKxpocxaHUHH, a b nwKO- 
BOH qacxH — THApsBJiHqecKHe cxanuHH c cyxonHbiM pery.iHpoBaHHeM 
pacxoAB- Ecjih b cHcxeMe nex ESC c cyxoqHbiM peryjiHpoBaHHeM, xo a-^h 
nOKpblXHH HHKOBOH HaCXH rpa(J)HKa HarpySKH npHXOAHXCfl npHBJIBKaXb 
KOHAeHcauHOHHbie cxaHUHH, Koxopbie njioxo npHcnocoöJienbi a-hh sxoh 
uejiH. CHHHceHHe moiuhocxh xenjioBux sjieKxpocxanuHH orpaHHqeno 
B CHJiy HX xeXHHHeCKHX XapaKXepHCXHK H CBHSaHO C ÖOJIblUHMH nOXepHMH 
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SHeprHH H nepepacxoAOM xonjiHBa. FHApoaKKyMyjiHpyiomHe cxaHUHH 
npeAHasHaueHU ajih BbipaBHHBaHHH pexcHMa pa6oxbi ochobhhx cxaH¬ 
UHH cHcxeMH, xaK KaK OHH 3 anoJiHHK)x npoBaJiH H noKpbiBaiox uhkh 
rpa(bHKa HarpysKH. KpoMe xoro, FA 3 C noBbimaK)x HaAeHtHocxb^BKC- 
ujiyaxauHH bcch chcxcmh, oöecneuHEan HarpysoHHbiH h aBapHÖHbiH 
pesepBbi, yjiyquiaiox peryjiHpoeaHHe uacxoxbi h HanpHHceHHH b chc- 
xeMe. FA 3 C Hcnojibayiox hsjihuikh sjieKxpHuecKOH sneprHH öasHCHbix 
BJieKxpocxaHUHH B nepHOA hohhhx npoBaAOB HarpysKH, saKanHEan 
BOAy B BepxHee BOAOxpaHHJinme (nacocHUH pejKHM H), h BOSBpaiuaiox 
HaKonjieHHyio aHeprHio b sHeprocHCxeMy b qacH HaHÖoJibinero noxpeo- 
JieHHH (KOXAa MOmHOCXH OCHOBHHX SJieKXpOCXaHUHH 3X0X0 HCAO- 

cxaxoMHo), nponycKau BOAy nepea xypÖHHH (xypÖHHHHH pencHM T). 



Phc. 6. CxeMa FASC: 

fl —nnaH coopyÄCHHfl; 6 — BepxHKajibHwfl paspeaj B.B —BcpxHHfl öaccefiH; H.B — 
ÖacceftH; / — SAanHe XASC; 2 - Hanopnue boaoboah. 


B Hacxonmee BpeMH paõoxaex öojibuioe hhcjio mou;hhx FA 3 C, o 6 opy- 
AOBaHHbix paaJiHHHHMH XHnaMH arperaxoB (xaöji. V, VI npHJiomcHHH). 
MoiUHOCXb HCKOXOpblX CXpOHmHXCH FA 3 C AOCXHXaCX 2 3 MJIH. KBm 

H 60Jiee, a MaKCHMajibHan eAHHHHHaH Momnocxb arperaxoB — 450 Mem. 
no Mepe pocxa MOiUHOCxeH sHeprocHCxeM noxpeöuocxb b xbkhx cx^ 
UHHX HcnpepHBHO yBejiHHHBaexcH. B CCCP nocxpoena KHCBCKan FAB'^ 
^ 70 N = 200 xbic. mm) h cxpoHxcH SaropcKau {H = 100 m, 
A = 1,2 MJIH. mm). BcAexcH npocKXHpoBaHHe puAa Apyrnx moiuhhx 
FA 3 C (MOiUHOCxbio 1 , 5 — 2,5 mjih. mm Ka>KAaH). Ha pnc. 6 nsoöpa^eHa 
OAHa H3 B 03 MOJKHblX CXCM FA 3 C. Ha FA 3 C HMeiOXCH hhähhh (H. d) 
H BcpxHHH öacceiiHbi (B. B), CBaaaHHbie MC^uy coöoh BOAOBOuaMH, 

H 3AaHHe cxaHUHH c cooxBCXcxByioiUHM SHeprexHqecKHM oöopyAOBaHHCM. 
HaHÖOJIbUIHH 3 K 0 H 0 MHqeCKHH acJXpCKX AOCXHXaeXCH Ha CpCAHC- H BHCO- 

KOHanopHbix FA 3 C {H = 100 -- 1200 m ). B Hacxoumee BpeMH ua ua- 
nopH // = 20 100 jw ycxauaBJiHBaiox b ochobhom AHaronaJib- 

Hbie noBopoxHOJionacxHHe oöpaXHMHe xHApoMaiiiHHH, a npH nanopax 
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H = 100 -JT 600^ o6paTi|MLie paÄHaJibHO-oceBHe rHÄpoMauiHHH (xyp- 

ÖHHbl-HaCOCbl). 

B aaBHCHMOCTH OT BeJIH^HHH Hanopa H KOHKpeTHbIX TpeOOBaHHH 
Ha rA3C ycTaHaBJiHBaexcfl pasjiHqnoe sHepreraqecKoe oOopyÄoaaHHe: 
qexHpexMaiiiHHHbiö arperax: 

renepaTop 

sjieKxpo- 
ÄBHraxeJib 


xypÖHHa 

Hacoc 



ÄByxMauiHHHUH (oöpaxHMbiH) arperax: 



B HacTOHiuee apcMH npHMeHHiOT b ochobhom TpexMaiiiHHHbie h ÄByx- 
ManiHHHHC arperaxbi. OOopyÄOBaHHe xpexMauiHHHoro arperaxa o6ecne- 
qHBaex MaxcHMajibHHe KIXH b nacocHOM (H) h xypÖHHHOM (T) peacHMax. 
O^HaKO cxoHMOcxb xaKoro SHeprexHqecKoro oöopyÄOBaHHH h cxanuHH 
Bbime no cpaBHeHHio c ÄByxMauiHHHHM oöpaxHMHM arperaxoM. B no- 
cjiGÄHHe roÄbi Bce Oojibinee npHMeneHHe Haxo^HX oOpaxHMbie OÄHOcxy- 
n6Hqaxbi6 arpBraxbi, ho ohh hmbiox orpaHHqcHHB no nanopaM (// 

< 600 m). 

OpHJIHBHbie SJieKXpOCXaHUHH (11c? L-)- Ha 1 
Hcnojifasyexca aneprHH MopcKHX npHJiHBOB n oxjihbob. 3xh ajicKxpo- 
cxaHUHH cxpoHX B ecxecxBBHHbix sajiHBax (pHC. 7). n3C oÖJiaÄaiox cy- 
mecxBeHHbiM neÄOCxaxKOM no cpaBHenuK) c oöbiqnon ESC nepnoÄH- 
qecKOH BbipaöoxKOH sjieKxpoaneprHH, saBHcnmen ox BejinqHHbi npnJiHBa 
H oxjiHBa. B saBHCHMOcxH OX cxeMbi nSC H ee oöopyAOBaHna BpeMa, 
Koraa ona He MOJKex Bbipaöaxbmaxb snepmio, MOJKex öbixb pasjinqHbiM 
H yMeHbinaxbCH jio 2—3 h b cyxKH. EASC, oöbeÄnneHHbie c n3C, 
J^OJI>KHbI ycxpanaxb axox cymecxBennbiH He^ocxaxoK, BbipaöaxbiBan 
snepmio bo BpeMa cjiaõbix npHJinBOB hjih oxjihbob h noxpeÖJina ee 
B nepHozi, MaKCHMaJibHbix npHJiHBOB. TeM caMbiM öyflex oöecneqeno 
Br an p.>KHne h öecnepeöoHHoe cnaÖH^eHHe CHCxeMbi sjieKxposHepmeH. 

Cyiii,Hocxb MopcKHX npHJiHBOB H OXJIHBOB saKJiioqaexcH B nepHOÄH- 
qecKHX noÄbeMax h onycKaHHHX ypoBHeft Mopen h oKeanoB. OpHqHHaMH 
npHJiHBOB H OXJIHBOB HBJIHIOXCH BSaHMOÄCHCXBHe CHJI npHXHJKeHHH CHC- 
xeMbi SeMjiH— Jlyna —CoJiHue h ÄeftcxBHe uenxpoöejKHbix^ chji, boshh- 
KaiomHX npH BpameHHH SeMJiH BOKpyr oOmero c Jlynofi h CojinneM 
uenxpa xHJKecxH. B pesyjibxaxe BOKpyr Somjih oöpasyexca nojie npH- 
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jiHBOOÕpasyiomeH chjibi, HMeiomee (JiopMy sjuiHncoHÄa. BcjieÄCXBHe na- 
jiHqHH ÄByx BbinyKJiocxefi ajiJiHncoHAa (õojibman ocb Koxoporo Hanpas- 
jiena b cxopony JlyHbi) npHJiHBHaa BOJiHa ÄBamÄbi b xeqcHHe cyiOK o6e- 
raex scmhoh inap. CojiHue xaKJKe BHSbmaex cyxoqHbie npnjiHBbi, ho no- 
CKOJibKy OHO Haxo^HxcH Ha öoJibiHOM paccxoHHHH OX SeMJiH, ero npH- 
jiHBOOöpasyiomaH CHJia b 2,17 pasa MeHbuie JiyHHOH. üoJiycyxoqHbie 
npHJlHBbl OnpCÄBJIHIOXCH ÄBHCXBHeM CHJI JiyHHOFO npHXHHCeHHH, KOXO- 

pwe BbisHBaiox npoxoagieHHe hphjihbhoh bojihbi c onpeÄCJieHHofi 
nepHOÄHqnocxbK). ITpHjiHBHaH BOJina npoxo^Hx sa 6 q 12 muh h cmohh- 
eXCH OXJIHBOM, KOXOpbifl Ä-HHXCH XaKJKe 6q \2 MUH. rioxeHHHaJIbHafl 



Phc. 7. CxcMa npHJiHBHOH sjieKxpocxaHUHH; 

a — EJiaH coopyÄCHHfi; 6 — paapes no sAaHHio: 1 — SAaHHe FSC; 2 — boaooikb; 

3 — raApoarperax. 


SHeprHH cooxBexcxByex oxKJioneHHio ypoBHH Mopn ox cpe^nero nojio- 
HceHHH paBHOBecHH. 3a 6 q 12 muh, cooxnexcxByiomHX noJiyuHKJiy, 
noxeHHHajibHaa sneprHH HSMeHHexcH no saKony CHHycoHÄti ot nyjia 
äo MaKCHMyMa H onnxb naÄaexjloHyjiH. B cjieÄyioii],He 6q \2 muh nojiy- 
II.HKJI noBxopnexcH c oöpaxHbiM SHaKOM. 3 th nepHOÄHqecKiie KOJieöaHHH 
SHeprHH c nepexoÄOM qepes nyjieBbie snaqeHHH onpe^eJiHiox HepaBHO- 
MepHocxb npHJiHBHOH sHepFHH B xeqeHHe cyxoK. K xoMy >Ke cyxoqnaH 
nepaBHOMepHOCXb aneprHH HMeex eme oähh HOÄOCxaxoK — npepbiBH- 
CXOCXb. 

B oxKpHXOM Mope HJIH OKoaHe noAteMbi h onycKaHHH ypoBHH boäh 
H esaMexHbi, b xo BpeMH khk y noöepejKba sxo HBJieHHe BecbMa omyxiiMO. 
Ha seMHOM mape HSBeexHbi Mecxa, r^e aMnjiHxyjia npHJiHBOB KOJieÖJiexcH 
ox 4 ;io 14 ^ H öojiee (öepera Jla-MaHUia, CeBepnoe noöepen^be 

KanaÄbi, KoJibCKHÖ noJiyocxpoB h äP-)- BejiHHHHa pacceHBaeMoft sHep- 
THH npH cpeÄHHX npHJiHBax oueHHBaexcH npHMepHo b 1 MJipA- fcem, 
xoxH iio ÄpyrHM pacqexaM ona sHaqnxejibHo öojibuie. Ha xeppHxopHH 
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CCCP HaHÖOJIblllHH. HHTepeC C TOMKH SpeHHH HCnO^bSOBaHHJI SHeprHH 
npHJiHBOB npeÄCxaBJifler noöepeasbe KoJibCKoro nojiyocTpOBa: JlyMÖoB- 
CKHH sajiHB — BCJiHqHHa npHJiHBa 4,2 H- 7,2 jw h MeaeHCKan ry6a — 
BeJinqHHa npHJiHBa 6,6 -š- 9,5 m . 

ZloCTOHHCTBO HpHJIHBHOH SHCprHH SaKJIIOqaeTCB B HeHSMeHHOCTH 

cpeÄHCMecHqHoro KOJiHqecTBa aneprHH Jiioöoro roAa. Hs-sa orpa- 
HHqeHHofi npoAOJiÄHxejibHOCTH npHJiHBa B xeqeHHe cyxoK FISC Hcnojib- 
syiox B OCHOBHOM AJIH HOKpHXHH HHKOBOH qaCXH HarpySOK MOIAHOH 
3 HeprocHCxeMbi. 

B Hauiefi cxpane BCAyxcfl paöoxbi no npaKxnqecKOMy ncnojibSOBa- 
HHKD sneprHH npHJiHBOB. nymena b sKcnjiyaxauHio onbixnan Kncjioryö- 
CKaH n3C OKOJio xMypMaKCKa, tag e ecxecxEeHHbix ycjiOBnnx ocyuie- 
cxBJinexcn npOBcpKa KoncxpyKUHH rnApoxexHHqecKHX coopy:»ieHHH 
H oöpaxHMux FHApoarperaxoE (A^arp = 400 mm, 2 arperaxa). ByAyx 
nocTpoeHbi öojiee moiahhc 030, xanne kek JlyMÖOBCKaB {H — 4,2 
-f- 7,2 M, N = 320 xbic. mm), Ycrhesasi (y ycxbB peKH Meaenn), xÄe 
npeAnojiaraexcn ycxanoBKa 200 oöpaxHMbix arperaxoB oOmen moiaho- 
cxbK) 1,3 MAH. mm. B nepcneKXHBe cxpoHxejibcxBO BeAOMopcKofi nSC 
{ji = 5,67 -^7 M, 2000 arperaxoB cyMMapnoH Momnocxbio N = 
= 14 MAH. mm H BbipaöoxKOH 3 = 36 MApA- mm * u b toa)- AnaAO- 
THAHHe npceKXbi paccMaxpHBaioxcH h sa pyöejKOM. Bo OpanuHH npeA- 
noAaraexcH cxponxeAbCXBO rHraHXCKon DSC Illose (3=25 MApA- mm h), 
a B HacxoHiAee BpeMH xaM pa6oxaK)xn3C Cen-MaAo h Jla-PaHc {N — 
= 240 XHC. mm,z = 24), na KoxopHX ycxanoBAeHbi oöpaxHMbie thapo- 
arperaxbi. 

CoBpeMeHHoe sneprexHqecKoe oöopyAOBEHHe 030 npeAcxaBAsex 
oco6biH HHxepec. HanpHMep, arperaxH, ycxaHOBACHHbie Ha KncAoryõ- 
CKOH nSC, cnocoÖHbi pa6oxaxb b mecxH peÄHMax: abb xypÖHHHbix pe- 
AiHMa (Mope — öacceHH h öacceÖH — MOpe); Aea nacocHbix pe>KHMa 
B ak>6om HanpaBAeHHH noxoKa h abb pe^HMa b KaqecxBe xoAocxbix 
BOAOCöpocoB- TaKHe oöpaxHMbie occBbie rHApoarperaxbi nosBOASiox 
cymecxBeHHo yAyquiHXb TCXHHKO-SKOHOMHqecKHe noKasaxeAn 030. 

§ 3. KpantcHH oösop KOHcxpyKiiiHH 

COBpeMGHHblX THAPOXypÖHH 

rudpomypõtiHa — 3xo rHApaBAHnecKHH nepBHqHbifi ABHraxeAb, 
npeAHasHaqeHHbiH aah npeoöpasoBaHHs noABOAHMofi k HCMy sneprHH 
noTOKa B MexaHHqecKyio sHeprHio na ero BaAy. Flpn noMomn BaAa ona 
coeAHHsexcH c rHAporenepaxopoM h oõpasyex c hhm mApoarperax. 
TaKHM oöpasoM, rHApaBAHqecKas sHeprns cnaqaAa npeoOpasyexcA 
B THApoxypÖHHe B MexaHHqecKyio, a saxeM npn noMomn rHAporeHepaxo- 
pa — B sAeKxpnqecKyK) sHepmio. 

PHApaBAHAecKaH sHeprHB peK HcnoAbsyexcH qeAOBeKOM onenb 
AaBHO. Eme B ApeBHOCxH na Pycn n b cxpanax BocxoKa afoah npHMe- 
HHAH xaK HasbiBaeMbie BOA^Hbie KOAeca, Koxopbie HcnoAbsoBaAH ah6o 
SHeprHK) naAaFomeft boabi, ah6o KHHexHqecKyio snepPHio noxoKa. 
TaKHe EOAHHbie KOAeca npHMeHSAH npHBOAa ^KepHOBOE MeAbHHU, 


CXaHKOB H APyrHX MexaHHSMOB. OAHaKO OHH 6bIAH OqeHb rpOMOSAKHMH- 
H HMBAH HH3KHH K03(JxJ)HU.HeHX nOAeSHOFO AGHCXBHS. B XVIII—XIX BB. 
Ha CMGHy BOAHHbIM KOACCaM npHIIIAH THApOXypÖHHbl paSAH^HblK KCHCX- 
pyKUHH, KOXopbie oÖAaAaAH noqxH bccmh SAeMenxaMH npoxoqHofi naera 
coBpeMeHHbix rHApaBAHnecKHx xypÖHH. rHApoxypÖHHbi, KaK öoAee co- 
BepmeHHbie ABHraxeAH, pasBHBaAH SHanHXCAbHo öÖAbiUHe moiuhocx» 
npH yMepeHHbix pasMCpax h cpaBHHxeAbHo bucokom KOJl. CpeAH mho- 
JKeCXBa npHMeHHBUIHXCH KOHCXpyKUHH M05KH0 yxasaXb Ha XypÕHHbl 
H. E. Ca^JOHOBa h }KoHBaA5i (pHC. 8). TaK, HanpHMep, b xypÖHHe Ca- 
(jjOHOBa boas nOABOAHAaCb H3 XypÖHHHOH KaMepbl 1 B HanpaBAHIOUlHH 


B.B 



Phc. 8. nepBue rHApaBjiHqecKHe Typ6HHH: 

a — TypÖHHa CacJxjHOBa; 6 — TypÖHHa A^OHBaJiH: / — rypÖHHHaH KaMepa; 
2 — HanpaBJiHiomHfi annapaT; 3 — paöoBee KOJieco; 4 — OTcacbiBawmaH rpyöa. 


annapax 2, npoxoAHAa nepes oeeeoe paöonee koagco 3, oxcacbiBaiomyio 
xpyöy 4 H BbixeKaAa b hh>khhh öbe^). B paöoneM KOAeee xaKoft xypÖHHbi 
OAHOBpeMeHHO HcnoAbsoBaAHCb sHeprHH AaBAeHHH H KHHexHnecKaa 

sHeprHH. KniX noAOÖHbix rHApoxypÖHH AOcxnraA 50—60%. 

BOAblHOH BKAaA B paSBHXHe rHApaBAHneCKHX XypÖHH CACAaAH AGH- 
cxBHreAbHbie HAeHbi üexepöyprcKOH AKaAeMHH nayK JleoHapA 3ÖAep 
(1707—1783) H XlaHHHA BepnyAAH (1700—1783). B 17ol—1754 rr. 
JI. SÖAep BbiABHHyA H oöocHOBaA hagk) npHMeneHHH HanpaBAHiomero 
annapara h paspaöoxaA npoeKx rHApoxypÖHHbi c HanpaBAHioiiiiiM an- 
napaxoM. B sxo >Ke BpeMH oh paspaöoxaA reopnio rHApoxypÕHH n bh- 
BBA ocHOBHoe ypaBHeHHe, onHCbieaiomee hx paöonHHnpoueee. B XIX— 
XX BB. xeopHH H npaKXHKa rHApoxypöocxpoeHHH noAynHAH öoAbuioe 
pasBHXHe KaK b Hamefl erpane, xaK h sa pyöemoM. BAaroAapa ycHAHHM 
coBexcKHx yqeHbix, HHAienepoB h xcxhhkob, b HacxoHmee BpeMH ore- 
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«lecTBeHHoe rH^ipcyrypöocTpoeHHe saHHMaex qäho h 3 nepBLix mcct b MHpe 
KaK no napaMcrpaM rHÄpõxypÖHH, xaK h no hx xapaKxepncxHKaM. Pa- 
öoxaMH npcxj). H. E. }KyKOBCKoro n aKaji,. C. A. HanjibirHna b oöjiacxn 
rHÄpoaSpOAHHaMHKH 6hUI SajIOJKCH 4>yHÄaMeHT COBpeMCHHOH xeopHH 
rHÄpoxypÖHH. CymecTBeHHbiH bkjibä b xeopHio rH^poTypöHH bhccjih 
yqenbie H. H. BoaneceHCKHH, A. O. JIccoxhh, H. H. KyKOJieBCKHH, 


rö s Ö 7 



1 4 5 


Phc. 9. BepTHKajibHaH HH3KOHanopHa5i noBopoTHOJionacTHaa rHÄpoxypÕHHa 
njl 15/661-B-1030 CapaTOBCKofi FSC: 

/ — TypÖHHHaH KaMepa; 2 — cTarop; 3 — HanpaBJisromHfi annapar; 4 — pa6o»iee KOJieco; 5 — OTca- 
CHBajomaH Tpy6a; 6 — Baji arperaTa; 7 — KpHiiiKa TypÖHHti; 8 — noAnaTHHK; 9 — cepBOMOTop 

HanpaE/rsiomero annapaxa; 10 — renepaTop. 


r. O. npocKypa, H. M. III,anoB. B nacxonmee BpeMH oxeqecxBenHoe 
FHÄpoxypöocxpoeHHe nojiynaex cBoe /^ajibHefimee pasBHxne b hccjicäo- 
BaHH5IX KOJIJieKXHBOB HHCXHXyXOB H SaBOAOB, B03rjiaBJI5ieMbIX HSBeCX- 
HbiMH cnennajiHcxaMH n KpynnbiMH yqenbiMH, xaKHMH, kbk npo^)- 
C. C. PyÄHCB (MBTY hm. H. E. BayMaHa), rjiaBHbift KOncxpyKxop fhä- 
poxypÖHH JleHHHFpaACKOFO MexajiJiHHecKOFO saBOÄa hm! XXII Cbeaxia 
KnCC npo4). r, C. IIIeFOJieB, qjieH-KoppecnoHAenx AH CCCP npocj). 
H. H. KoBajieB HÄ-pxexH. nayK H. 3. SxHHÕepF (IJ[KTH hm. H. H. FIoji- 
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3 yH 0 Ba); npo^). E. B. BnKxopoB h npo^). B. C. Kbhxkobckhh (M3H> 
H äP- Ha aapyöexcHbix yneHbix õie/iyex oxmöxhxb M. Banpy, P. Bhc^ 
jiHuenyca, H. Paaöe h äP- 

CoBpeMGHHbie FHJipOXypÖHHbl HMCIOT COBGpIUeHHbie KOHCXpyKHHH 
H BHCOKHe Knjl* 



Phc. 10. BepTHKa.ibHaH paÄHanbHO-oceBaH jHÄpoTypÖHHa POI 15/697-B-750 

KpacHOHpcKOH rõC: 


/_xypÖHHHaH Kawepa; 2 — cTaxop; 3 — HanpaB.X55K)mHfl annapax, 

CbiBaioiuaH xpyöa; 6 — KpbiniKa xypÖHHBi; 7 aa/i arperaxa, 8 

10 — reHepaxop. 


4 — paöoBee KOJieco; 5 — oxca- 
— onopa nsiTbi; 9 — nOAnnxHHK; 


CoFJiacHO npHBeÄeHHOH b § 4 KJiaccH(J)HKauHH, xypÖHHbi JiejiHTcn 
Ha peaKXHBHbie H üKXHBHbie. PaCCMOXpHM HX HpHHUHnHajIbHOe ycxpOH- 
cxBO H paöoxy. 

PeaKXHBHbie FHÄpoxypÖHHbi. npoxoHHan nacxbpeaK- 
XHBHHX FH^pOXypÖHH [8^ lOj 11] — OCOBblX, pa/I,HaJIbHO-OCeBbIX H ÄH- 
aFOHajibHbix (pHC. 9; 10; 11) — cocxohx h 3 xypÖHHHOö KaMepbi A cxa- 
xopa 2, HanpaBJiHiomeFO annapaxa 5, paöoneFO KOJieca 4 h oxcacbiBaio- 

mefi xpyöbi 5. 
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Phc. 11. JlHaroHajibHaji noBopoTHo^ionacTHafl rHÄpoTypöHHa: 

cnHpa.iibHa5! KaMepa; 2 — cTaiop; 3 — HanpaanniomHfl anrtapar; 4 — paCo^iee kojicco; 5 — OTcacuaatoman ipyCa; 5 — Kpuuisa TypöHHhi; 

7 BOJI TypÕHHfal. 


4epe3 BOÄonpHCMHHK H TypÖHHHbiH böäoboä Bo^a ndcTynaeT B Typ- 
ÖHHHyio KaMepy /, KOTopa5i npeAHasHa^ena äJib paBHOMepHoro noji- 
Bo^a BO^bi K HanpaBji5iioiii.eMy annapary h npR^aHHa UHpKyjiHUHH (aa- 
KpyTKH) noTOKy. npOH;i,a qepea cTarop TypÖHHbi 2 (Koropbifi npe^cTaB- 
jiaeT ccöoH cHCTCMy oöreKaeMbix kojiohh), Bo^a nonaj;aeT b HanpaBJia- 
loiuHH annapaT 3 . HanpaBJi5iK)mHH annapar coctoht hs noBopoTHbix 
jionaTOK, paBHOMepHO pacnojiojKCHHbix no BCCMy nepHMerpy nepe^ pa- 


ÖOqHM KOJieCOM. 

rioBopoT JionaTOK HanpaBJiHiomero an¬ 
na para B nOBOpOTHOJIOnaCTHOH peaKTHB- 
HOH TypÖHHe na ojihh h tot jkc yroji o6ec- 

nc4HBa0TC5I npH nOMOUIH COpBOMOrOpOB, 

noBopaqHBaiomHx na cooTBCTCTByiomHH 
yroji peryJiHpyiomee kojibiio. üocjienHee 
cBasano c jionaTKaMH nanpaBJiaiomero an- 
napara qepea cncxeMy ceper h punaroB. 
KancÄOMy nojiojKenHio nopuina cepBOMOTO- 
pa cooTBeTCTByeT onpe^eJieHHoe otkphthc 
H anpaBJifHomero annapara, oöecnennBaio- 
mee neoöxoÄHMbiH pacxofl nepea rHÄpoxyp- 
önny. üpn yBejinnenHH OTKpbixnn pacxoÄ 
qepea Typönny pacTcr, h ona pasBHBaeT 
õöjibinyio MomnocTb. IlpH yMenbuieHHH 
OTKpbiTHH MomnocTb TypÖHHbi yMeHbuia- 
CTcn. nocjie HanpaBJiaiomero annapaxa 
noTOK nocTynacT b paöoqee KOJieco 4 — oc- 
HOBHOH paöoqHH opran rHÄpoTypönnbi. 
B paöoqeM KOJiece rnnpaBJiHqecKaa anep- 
rna noTOKa npeoöpasyercsi b Mexannqec- 
Kyio anepmio na Bajiy xypÖHHbi. Orcacbi- 
Bafoman xpyöa 5 otboäht Bo^y ot paöoqero 
KOJieca B 6be(|). C THUpaBJIHqeCKOH 



Phc. 12. Paõoqne xapaKxe- 

pHCTHKH THÄpOTypÖHH paSJIHH- 
Horo THna (HaMeHCHHe 
B aaBHCHMOCTH OT MOIIIHOCTH 
1J = / (/V) npH nOCTOHHHOH Ha- 
CTOTC BpameHHH): 

/ — flHaroHanbHaH; 2 — oceeaH no- 
BopoTHOJionacTHaH; 3 — KOBUioBaH; 

4 — pa;iHajibHO-oceBaH (ns = 170); 

5 — paAHaJibHo-ocesaH {ns = 60); 

6 — paAHajibHO-oceBaH (ns — 250); 

7 — oceBafl nponeJiJiepHaH (ns = 

= 510). 


ToqKH speHHB ona npencxaBJiaeT coöoh 

HH(J)4)y3op, B KOTopoM CKopocTHan anepma nocjie paöoqero KOJieca 
nocTenenno npeoöpaayerca b anepmio ÄaBJienna. CjienoBaTejibHO, 


OTcacbiBaiomaa Tpyöa oöecneqHBaeT nonoJiHHxejibHoe nanenne ^aBJie- 


Hiia noÄ paöoqnM KOJiecoM, qro npHBOAHT k yBejinqenHio chji, hchct- 
ByiomHX na jionacTn, h MOMCHTa na Bajiy TypÖHHbi. 

KOHCTpyKUHH BepTHKaJIbHbIX peaKTHBHbIX ranpOTypÖHH, 3a HCKJIIO- 


qeHiieM paöoqero KOJieca, npHHUHnHajibHO oxjinqaioTca Majio, o^naKo 
KOMnoHOBKH rnÄpoarperaxoB Moryx öbixb pasniiqHbiMH. FIpHHiiHnHajib- 
HbiM OTJinqneM noBopoTHOJionacxHbix mnpoTypÖHH (oceBbix h ^iiiaro- 
najibHbix) OT jKecxKOJionacTHbix (nponejijiepHbix h paAnajibHO-oceBbix) 
flBJinexcn BOSMOJKHocxb noBopoxa jionacxen paöoqero KOJieca na onpe- 
flejieHHbiH yroji, qxo cymecxBeHHo yjiyqmaex xapaKxepHCxnKH xypÖHH 
npH paöoxe na pasjinqHbix peatHMax (pnc. 12). 

AKXHBHbie rHupoxypÖHHbilll; 13; 27]. B npaKXHKe 


cxpoHxejibcxBa BbicoKonanopnbix FSC rnnpOKoe npaMenenne nojiyqnjiH 
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KOBlIIOBue THÄpOTypÖHHH, HBJIfllOIIIHeCH OÄHOH H3 paSHOBHÄHOCTefl 
aKTHBHbIX rHÄporypÖHH. OcHOBHbie BJieMeHTbl npOTO^IHOH qaCTH KOBUIO- 
BOH xypÖHHbi cjieAyiomHe (pnc. 13): noÄBOÄfliUHH KOJijieKTop, hjih ko- 
jieno /, conjio (HanpaBJiHiomHH annapar) ^e^J-neKTop 3, paõoqee 
KOJieco 4. PeryjiHpoBaHHe pacxo^a bo^h, no^BO^HMOH na kobuih pa6o- 
qero KOJieca, ocymecTBJiHercH npH noMomn bo^bhähoh HrJibi, nepeMC- 
maiomeficfl b conjie. üpH yMeHbiueHHH narpysKH Ha rHÄpoxypÖHHy bo 
HaöejKaHHe qpesMepHoro noBbimeHHH ÄaBJieHHa b no^BOAHmeM ycxpofi- 
cxBe qacTb cxpyn otbqahtch ot paöoqero KOJieca npH noMomH ;^e4)JieK- 
xopa. 



pHc. 13. Cxema KOBinoBofi rHÄpoxypÖHHbi: 

t —^KOJieHo; 2 — coiuio; 3 — ^^«IwieKTop; 4 — pa6oTOe KOJieco; 
5 — BaJi TypÖHHH; 6 — KOMtyx; 7 — nrJia. 


Oo pacnojiOH^eHHK) Bajia arperaxa peaKXHBHbie h aKXHBHbie rH^po- 
xypÖHHH noÄpasAeJiflioT na eepmumAbnue h aopusonmaAbHbie. Thh rviji- 
poarperaxa, ero KOMnoHOBKa h pacnojio>KeHHe BcnoMoraxejibHoro 060 - 
py;^OBaHH5i cymecxBeHHO bjihbiot na raöapHXbi h ctohmocxb säbhhh FSC. 

§ 4. KjiaccH4)nKai^HH rHApoxypÖHH 
no paöoneMy npoi^eccy 

FHÄpaBjiHqecKHe xypÖHHbi npHMeHHioT na nanopbi// ==2 — 2000 m 
npH pasjiHqHbix BejinqHHax pacxo^a. ZIjib Toro qxoöbi 9(J)4)eKTHBHo hc- 
nojibsoBaxb sneprHio noxoKa npH pasJiHqHOM coqexaHHH pacxo;i,a h na- 
nopa, HeoöxoÄHMO pacnojiaraxb HaöopOM xypÖHH, Koxopbie pasjiHqa- 
lOxcH Meacjty coöoh Kan no ocoöeHHocxBM paöoqero nponecca, xan h no 
KOHcxpyKUHH H pasMcpaM. B saBHCHMocxH ox ocoöeHHocxefi npeoöpa- 
soBaHHH SHepxHH DOXOKa B MCxaHHqecKyK) SHepxHK) Ha Bajiy rH^paBJiH- 
qecKHC xypöHHbi pa3;i,ejiHiox na KJiaccbi, npHHnHnnajibHbie KOHcxpyK- 
HHH Koxopbix onHcaHbi B § 3:' 
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peaKXHBHbie fHÄpoxypÖHHbi (xypÕHHbi HanopHocxpyHHbie), b KOxopbix 
ÄBBJieHHe B noxoKe na bxoäb b paöoqee KOJieco öojibuie, qeM na BLixG^e 
H3 Hero; 

aKXHBHbie, HJIH cBoöoÄHocxpyftHHe xypÖHHH,— ÄaBJieHHe B noxoKe 
Ha BxoÄe H BbixoÄe h 3 paöoqero KOJieca o^HHaKOBo h paBHO, KaK npa- 
BHJio, axMOc4)epHOMy ;^aBJieHHK) [13; 22; 271. ^ 


Pa 3 Hocxb y^ejibHbix SHepxHH noxoKa na BXOÄe 


(e. = ^ 


^ + 2,+ 


HHaBuxoAe mj = Ö4-zj+^jH3 paöoiero Kcuieca npeflcraBffiiCT 
C060H Hanop, KcnoJibsyeMbiH na paöoqeM KOJiece rHnpoxypÖHHu: 


// = Ei —£2 = 


Pi P 2 


+ -^2 + 


2 2 
^ 1-^2 


B peaKXHBHbix xHÄpoxypÖHHax noxeHUHaJibHan SHeprHH 
noxoKa Ha Bxofle b paöoqee KOJieco (pi/f + Zi) öojibiue, qeM na Bbixofle 

H3 Hero (P2/T + 2:2), X. e. pasHOCxb noxeHnnaJibHUX sneprHH + 

— 22 > 0. KpoMe xoro, b paöoqeM KOJiece qacxnqno Hcnojibsyexca 
KHHexKqecKan sneprHH noxoKa. 

B aKXHBHbix xHÄpoxypÖHHax ÄaBJieHHe na BKO^e 

H Ha Bbixo^e H3 paõoqero KOJieca o^HHaKOBo. CjieAOBaxejibHO, b pa6o- 

2 2 
ü, — V 2 

qeM KOJiece HcnojibsyexcH xojibKo KHHexHqecKan SHeprHH noxoKa_i__, 

noABOÄHMan k HCMy b BH^e cboöoähux cxpyö. 

JXjiü ycxaHOBJieHKH cooxHomeHHH MejKAy cxeneHbio KcnojibSOBaHHH 
HoxeHuHajibHOH H KHHexHqecKOH sHepFKK noxoKa B paöoqeM KOJiece 
H KJiaccH(l)HKaii.HK FHÄpoxypÖHH BBo^^HX noHHXKe K09(p(pumieHMa peaK- 
muenocmu p, Koxopbiö xapaKxepnayex oxHomeHHe Hcnojib30BaHHOH 
B paöoqeM KOJiece yÄeJibHOH noxeHUHajibHOH sneprKH noxoKa ko BceMy 
paöoqeMy Hanopy: 


Pl 


Zi Zj 


Hjih qiicxo peaKXHBHofi xypÖHiibi = ^2 h p^ > p^, nosxoMy p = 1. 
H-niH aKXHBHOH rHa,poxyp6HHbi p = 0, xaK khk ^ Pi — P 2 b Zi — 
Z 2 . ^eM Bbime cxenenb peaKXHBHOcxH xypÖHHbi, xeM öÖJibijjaH qacxb 
sHeprHH jraBJieHHH noxoKa HcnojibsyexcH b paöoqeM KOJiece, BejiHHHHa 
K03(|)(|)HUHeHxa peaKXHBHocxH äJih pasjiHHHoro xHna peaKXHBHbix rH;ipo- 
xypÖHH B saBHCHMocxH ox HX öbicxpoxoAHocxH HaxoAHXcH B üpe^ejiax 
0,5 < p < 1. B HanpaBJiHiomeM annapaxe peaKXHBHOH rHApoxypÖHHbi 
xoJibKo qacxb noxeHUHajibHoö SHeprHH noxoKa npeoöpaayexCH b KHHe- 
XKqecKyio SHeprHio, k Ha bxoa© b paöoqee KOJieco AasJieHHe b noxoKe 
öojibine axMoc(|)epHoro. TaK khk xypÖHHHan pemexKa KOHiJiysopHaH, xo 
oxHocHxejibHaH cKopocxb HB BbixoAC H3 paöoqero KOJieca peaKXHBHoö 
xypÖHHbi öojibuie, qeM Ha BxoAe b nero. FIoxok no BccMy nepHMexpy 




paöoqero KOJieca itoäbpähtch paBHOMepHo. OocKOJibKy b npoTO^Hofi 
HacTH peaKTHBHOH rHiipoTypÖHHbi ÄBBjieHHe HenpepbiBHO HSMeHHexcflj 
TO OHa ÄOJIJKHa ÖLITb nOJIHOCTbK) repMCTHqHOH. 

B aKTHBHOH rHÄporypÖHHC npaKTHqecKH bch y^ejibHaB noTenuHajib- 
Haa sneprHH noxoKa npeoöpasyexca b nanpaBJiaiomeM annapaxe b kh- 
HexHqecKyio SHeprnio CTpyn (hjih CTpyfi). CpeÄHaa CKOpocxb noxoKa 

Ha BbixoÄe H3 conjia paBHa v — fpY r^e cp = 0,97 -f- 

-f- 0,985 — CKOpOCXHOH K034)4>HyHeHX. JI,BHmeHHe CXpyH Ha KOBIUaX 
paõoqero KOJieca öesnanopHoe, xaK KaK npoHCxoÄHT npH najibqHH cbo- 
ÖOÄHOH noBepxHOCXH. rioaxoMy oxHocHxejibnaa CKopocxb noxoKa na 

no^r\fToii4- up i^ifpprooT^r^a n r^Q^r\tjpiiji irr\TTpr*p nr^ri- 

^avyvy~iwivj. xviC^xlxi^i ^yi • a xw^ivV^vxxjxy jr x^ xV^ati 

hcxoähx npeoöpasoBaHHe KHHexHqecKofl snepxHH aöcojiioxHoro noxoKa 
B MexaHHqecKyio SHepraio XHÄpoxypÖHHbi, aöcojiioxHaa CKOpocxb no- 
xoKa Ha Bbixo^e h3 paöoqero KOJieca Majia. Hoäboä bo^w k paöoqcMy 
KOJiecy aKXHBHOH XHÄpOXypÖHHbl napHHaJIbHLIH, B BH^e OXÄCJIbHblX 
cxpyfi. 

PeaKXHBHbie h aKXHBHbie xHÄpoxypÖHHbi noÄpasAeJiaiox na pasjinq- 
Yihie cucmeMbL b aaBHCHMOCXH ox HanpaBjicHHH noxoKa b paöoqeM KOJiece 
H cnocoöa peryjiHpoBaHHH pacxoÄa. Kax öy^ex noKasano hh^kc (rjiaaa 
V), K^yKx^a^l CHCxeMa xypÖHH coAepHCHX HecKOJibKO munoe paöoqHX ko- 
Jiec pasjiHqHbix pasMepoB b aaBHCHMocxH oxsaÄaHHofi mouihocxh. Feo- 
MexpHqecKH noÄOÖHbie xypÖHHbi pasjinqHbix pasMepoB oöpaayiox ceputo. 
TaKHM oöpasoM, oömaa KjiaccH4)HKauHH xHÄpoxypÖHH MOHcex öbixb npe^- 
cxaBjiena cjie^yiomeH cxcmoh: 



KJiacc peaKXHBHbix rHÄpoxypÖHH oöbeÄHHaex 
cjieÄyiouxHe CHcxeMbi; 

oceebie audpomypõuHbi — BepxHKajibHbie noBOpoxHOJionacxHbie h 
nponejiJiepHbie, a xaK>Ke ropHsoHxajibHbie (KancyjibHbie h npHMoxoq- 
Hbie) (pHC. 14, a, õ); hoxok b paöoqeM KOJiece sxhx xypÖHH ÄBHJKexca 
BÄOJIb OCH XypÖHHbi; 

õuaaoHaÄbHbie noeopomHOAonacmHbie audpomypõuHu; hoxok b pa6o- 
qcM KOJiece ÄBH>Kexca B^ojib KOHHqecKHx noBepxHocxeö xoKa (pHC. 14,e); 

paduojibHo-oceebie audpomypõuHbi; b npe^eJiax paöoqero KOJieca no- 
xoK HSMenaex CBoe HanpaBJieHHe h 3 paÄHajibHoro b oceBoe (pnc. 14, a). 

Bce nepeqHCJieHHhie CHCxeMbi peaKXHBHbix XHÄpoxypÕHH uiHpoKO 
npHMeHHioxca b npaKXHKe rHApoxypõocxpoeHHa. 

KJiacc aKXHBHbixxypÖHH noÄpasÄeJiaiox na xaKHe chc- 
xeMbi: 

Koetuoebie audpomypõuHbi’, och cxpyö KacaxejibHU k cpeAHeö OKpy>K- 
HocxH KOBiueö H HaxoÄBxcH B HJiocKocxH paöoqexo KOJieca (pHC. 13); 

HaKAOHHo-cmpy üHbte audpomypõuHbi; cxpya hoäboähxch k paöoqeMy 
KOJiecy noÄ HeKoxopuM yxjioM; 

mypõuHbi deoÜHoao deücmeuH’, cxpya npoxoÄHX qepes Kanajibi pa6o- 
qero KOJieca ÄBa>Kabr, 


KOAbi^ecmpuüHbie audpömypõUHbr, hoxok hoäboähtch k paöoqeMy 
KOJiecy He napuHajibHO, a no BceMy nepHMexpy b BH^e KOJibueBofi cxpyH. 

Hs nepeqHCJieHHMX xhhob aKXHBHbix XHÄpoxypÖHH b Hacxoamee 
BpeMH npoMbiujJieHHoe npHMeHeHHe hbxoäbx KOBuioBbie xHÄpoxypÖHHbi. 

FHÄpaBJiHqecKHe xypÖHHbi xapaKxepHsyioxca cjiCÄyiomHMH ochob- 
HbiMH reoMexpHqecKHMH napaMexpaMH (pHC. 14), Kpxopbie onpeAeJiHiox 
HX pasMepbi H BJiHHiox Ha FHÄpaBjiHqecKHe xapaKxepHcxHKH: 




Phc. 14. CxeMbi npoToqHbix qacxeö peaKXHBHux rHApoxypÖHH; 

a — occBaa BepxHKajibHaH; 6 — Kancyjibnasi; e — ÄHaroHaJibHaa; a paAHaJibHO-ocesaH. 


HOMUHaAbHbiu duüMemp paõoHeao komcu (ä-hh occboh xHÄpoxyp- 
g^Hbi — HaHÖojibuiHH jiHaMexp KaMepbi paöoqero KOJieca; ä-bh ÄHaro- 
HajibHOH xHÄpoxypÖHHbi — ycjiOBHbiH jiHaMexp nepeceqeHHH oceö no- 
Bopoxa JionacxeH c KaMepoH paöoqero KOJieca; jiJia pa;i,HajibHO-oceBOH 
THJipOXypÖHHbl — yCJIOBHbIH HaHÖOJIblllHH flHaMexp paCHOJIOJKeHHfl 
BxoflHbix KpoMOK paöoqexo KOJieca; äJih kobuioboh xHÄpoxypÖHHbi 
ÄHaMexp Cpe^HCH OKpy>KHOCXH KOBUieH, K KOXOpOH KaCaxeJIbHbl OCeBbie 
jiHHHH cxpyii); 

omHOCumeAbHan ebicoma HanpaeAHtoiyeao annapama h omnocu- 

meAbHbiü duuMemp pacnoAOMeHUH oceü noeopoma AonamoK na¬ 

ri pa6AJUow,eao annapama — jyifl peaKXHBHoft xypÖHHbi; omnocumeAb- 
Hbiü duaMcmp cmpyu dJD^ — kobuioboh xypÖHHbi. 

OcHOBHbie pasMepbi sjieMCHxoB npoxoqHOH qacxH ruÄpoxypÖHHbi 
HopMajiHSOBaHbi H npHBeÄeHbi b HOMeHKJiaxype rHÄpoxypÖHH (§ 44). 
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IlepeqHCJieHHbie cHCTeMbi h them rHÄpoxypÖHH pasJiH^aioTCfl MejKÄy 
COÖOH ÄopMOH npOTO^HOH qacTH H ocoöeHHocTHMH paöoqero npouecca. 
riosTOMy HX xapaKTepHCTHKH cymecTBeHHo pasjiH^iHbi. Ha pHC. 12 npH- 
BeaeHM paöo^He xapaKTepHCXHKH rHÄporypÖHH pasJiH^Hbix KJiaccoB, 
CHcreM H 6bicTpoxoÄHOCTH, KOTopbie cBHÄerejibCTByiOT o tom, mo pas- 
Hbie THBbi rHÄporypÖHHH HeoflHHaKOBO pearHpyiOT na HSMeHeHHC na- 
rov 3 KH H Hanopa. Bce sto äojiäho y^HTbiBarbca npH BMÖ^cHcreMbr, 
THna, pasMcpoB rHÄporypÖHHbi h ee ycranoBKe b sAaHHH TSC no otho- 
ineHHK) K ypoBHK) HHJKHero 6be4)a (§ 32). 


Tf fl TiTftTlMiT rHnDOTYDÖHH 


rnnpoarperaTbi T3C paÖoxaioT c pasJiHnHOH Momnocxbio b cooxBex 
CXBHH c rpad)HKOM narpysKH sneprocHCxeMbi. Rjisi oöecnenennn xpe-- 
6veMbix MomnocxeH nepes xypÖHHbi cjieflyex nponycxaxb onpeÄeJiennbie 
pacxoÄbi Bo^bi. ripn yBejiHnenHH pacxoÄa nepes 'XHjipoxyp hhu Bepx 



Phc. 15. OnpefleJieHHe Hanopa na FSC: 

ce«ieHHe A — A — Bxofl b BOflonpaeMHHK; ce«ieHHe B — B — b HHÄHeM 6 be 4 >e sa OTcacMBaio- 
™hmh TpyöaMH; h - cpeAHne cKopocTH noTOKa b ceBeHHHX A - A v, B - B. 


HHH 6bed) noHHÄaexcn, a hhähhh noBbimaexcH. TaKHM oöpasoM, xyp- 
ÖHHbi paöoxaiox npn pasHbix nanopax n pacxoÄax. A-hh npoeKxnpoBanHH 
H onpeAeJieHHH xapaKxepncxHK rHÄpoxypÖHH b ycJioBiiHx hx paõoxbi 
na T3C äojixkhh 6bixb saAaHbi pac^exnan (HOMunajibHaa) ij^mnocxb 
rnapoarperaxa h j^nanason KOJieöaHHH Hanopa na äbh- 

jKeHHH noxoKa h 3 Bepxnero (B. B) b Hn>KiiHH 6be(J) (H. B) nacxb ero 

* noA oTMCTKaMH B. B H H. B noÄpaayMeBaioT; b cjiynae pycjioBofi H^npgnJio- 
THHHOH rae — oTMeTKH ypoBHH BOflu HenocpeflCTBeHTO nepeA hjiothhoh (B. b) 
H 33 3ÄaHHeM FSC (H. B); b cjiynae AepHBauHOHHofi TSG—otmctkh ypoBHa boäm 
B HanopHOM öaeeeHHe h b oTBOÄHmeö AepHBauHH. 
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sHepXHH xepflexcH b BOÄonoABOÄnmHX ycxpoöcxBax Ha npeoÄOJieHHC 
rH;i,paBjiHnecKHx conpoxHBjieHHÖ. B cbhsh c sxhm npn npoeKXHpoBaHHH 
H xypÖHH BBOÄHX noHHXHH HanopoB öpyxxo (Hanopu na cxaHUHH) 
H HanopoB Hexxo (Hanopbi Ha xypÖHHe) [14; 22; 291. 

Hanop öpyxTO H^p na exanuHH npeflcxaBJiaex coöoio pas- 
Hocxb oxMexoK BepxHero u HH>KHero 6be(})OB, Kor^a pacxo^ nepes xyp- 
ÖHHbi paaeH nyjiio; npH paöoxaiomHX xypÕHHax oh onpeÄejiaexcH khk 
pasHocxH nojiHbix y;i,ejibHbix sHeprafi noxoKa b BepxneM h HHÄHeM 
6be4)ax (pHc. 15); 


= E^ — Eb = 1 — + + — l—+ 


EojiesHbiH Hanop na Typ6HHe//H(Hanop nexxo) 
MeHbme nanopa öpyxxo na r3C npH xex x<e oxMexKax Bepxnero h hhjk- 
iiero 6be(J)OB na BejiHqHHy noxepb sneprHH b noABOÄHutHX ycxpoöcxBax 
K npe^CTaBJiHeT coöoio pasHocxb y^ejibHbix SHeprKK noxoKa Ha bxoäc 
H Ha BbixoÄP H3 xypÖHHbi, X. e. 3X0 paöoHHfi Hanop na xypÖHHe. Opn 
npoeKXHpoBaHHH xypÖHH HeoöxoÄHMo SHaxb pacnexHHH //p, epe^ne- 



Pnc. 16. Onpe^eAeHHe Hanopa HHSKOHanopHoS peaKTHBHOH rHÄpoxypÖHHbi. 


BSBemeHHbIH Hep, MaKCHMaJIbHblH //«aKc H MHHHMaJIbHbIH //mhh Hanopbl 
Ha xypÖHHe. OpH pacqexHOM nanope h CHHxpoHHoft qacxoxe apamennH 
xypÖHHa ;i,0JOKHa pasBHBaxb HOMHHajibHyio (pacqexHyio) MomHocxb, 
JXji9{ saAaHHoro Ananasona nanopoB //wanc — ^mhh BHÖnpaiox onpeAe- 
AeHHblH XHH THApOXypÖHHHOrO OÖOpyAOBaHHH. 

CorAacHO wexKAyHapoAHOMy KOAy naxypHbix HcnbixaHHH rHApoxyp- 
6hh [14], Hanop nexxo onpeAeAnexcH A-an pasjinqHbix rHApoxypÖHH CAe- 
AyioLUHM oöpaaoM: 

AAH peaKXHBHbix HH3K0- H cpeAHenanopHbix rHApoxypÖHH b öexoH- 
HOH cnHpaAbHOH KaMope xpaneuHeBHAHoro ceqeHHH (pHC. 16), a xaKJKe 
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ÄJia KancyjibHbix rHÄpoarperaTos: 

//, =Ei-Ej = zi —+ (7) 

äjih peaKTHBHbix rHÄporypÖHH b MeTaJiJinqecKOH cnHpajibHoft Ka- 
Mepe KpyrJioro ceqeHHB (cpe^HHe h bmcokhc nanopbi) (pnc. 17): 

2 2 

Hr, = (Zi + fli —Z 2 ) + Y + 

r;^e — — noKasaHHe ManoMerpa, noflKJiioqeHHoro na Bxo^e b cnHpajib- 
Hyio KaMepy; ai — BCJiHqHHa, yqHXbiBaiomaB BbicoTHoe pacnojioM^eHHe 
MaHOMerpa; 

1/ I 2 




1/ i2 

Phc. 17. OnpeflejieHHe nanopa cpeane- h BHCOKOHanopHMX peaKTHB- 

Hux rHÄpoxypÖHH. 

KOBIUOBblX FHÄpOTypÖHH C O^HHM COBJIOM (pHC. 18) 

2 

/7h = (zi + öi— 2 : 2 ) + Y + ^; (9) 

ähh TypÖHHbi c ÄByMH conJiaMH BejiHqHHa Z 2 Haxo^HTCH KaK cpejiHe- 
apH(J)MeTHqecKoe Me>KÄy Zg jH Z 211 (hb pHC. 18 KOJiJieKTop BapHaHra 

TypÖHH c jiByMH conjiaMH noKasan uixpHXOBoft jiHHHeö). 

06x>eMHbiH pacxOÄ Q> npeACxaBJiaex co 6 oh kojih- 

qecxBO BOÄbi, npoxoÄHmeft qepes xypÖHHy sa OÄHy ceKyHjiy (BKjiioqaa 
oöbeMHbie npoxeqKH h coöcxBeHHbie HyjKAbi). OpH npoeKXHpoBaHHH 
THÄpoxypÖHHbi hcoöxoähmo snaxb cJie^yiomHe BejiHqHHbi pacxOÄa: pac- 
qexHbiH pacxOÄ Qp, MaKCHMajibHHH pacxo^ Qmax H pacxoÄ xojiocxoro 
xoÄa Qx.*- PacHemHbiu pacxod Qp — sxo pacxoÄ qepes xypÖHHy npH pac- 
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qexHbix snaqeHHBx nanopa, womnocxH h chhxpohhoh qacxoxe Bpame- 
HHB XypÖHHbI. MoKCUMOJlbHUä pOCXOÕ qepCS XypÖHHy Qmax MOJKeX HMCXb- 
Mecxo npH MHHHMajibHOM Hanope oöecneqeHHa saÄaHHofl moiuho- 
cxH xypÖHHbi. Pacxod xoAOcmo 20 xodaQK.x —sxoBejiHqHHa pacxo^a npa 
pacqexHOM nanope Hp u chhxpohhoh qacxoxe BpameHHH, KorAa nojies- 
Haa HarpysKa Ha xypönne paana nyjiio. 

noÄBOÄHMaa K xypÖHHe MOuiHocxb npcÄCxaB- 
jiHCx C 06010 FHÄpaBJiHqecKyio MouiHocxb noxoKa na Bxo^e b xypÖHHy: 

Af = 2 ^ = 9.81Q//.. (10)- 

3(p<peKTHBHaH MOmHOCXb xypuHHfol — 3 X 0 Mexa^ 
HHqecKaa MoiiiHocxb na aajiy xypÖHHbi, Koxopaa hbjihcxch cyMMOÖ Mom- 





li 


Phc. 18 . OnpejejiCHHe Hanopa kobiuoboh rHÄpoxypÕHHbi. 

hocxh, saMepeHHOH na sa^KHMax renepaxopa; MexaHHqecKHX h sjieKxpn- 
qecKHX noxepb b renepaxope; noxepb b noAnaxHHKe; moiühocxh, noxpeõ- 
jiaeMOH BcnoMoraxejibHbiMH MCxaHHSMaMH. 

S^xjDeKXHBHafl MOUlHOCXb XypÖHHbl 

A^3(3)= 

PacqexHaa MOUiHOCXb xypÖHHbi Np — 3XO moih,- 
Hocxb, KOXopyK) OHB pasBHBaex npH BbiöpaHHOM ÄHaMexpe paöoqero 
KOJieca H pacqexHbix BejinqHHax nanopa h qacxoxbi apamennH. FhäPO- 
xypÖHHy HpoeKXHpyiox h HsroxaajiHBaiox na pacqexnyio Momnocxb. 

B npouecce npeoöpasoBaHHH rHÄpaajiHqecKOH sneprHH noxoKa 
B MCxaHHqecKyio qacxb sneprHH b rHApoxypõnne HensõejKHo TepaeTca. 
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'B D^VJibTaTC MCxaHHqecKäfl moiuhoctb TypÖHHbi MeHbiiie hoäbo- 
ÄHMOH MOmnOCTH. OTHOmeHHe MOmHOCTH Ha Bajiy rHÄpoTypÖHHbi k hoä- 
«oähmoh moiuhocth HOTOKa HasbiBaercH noAHbiM KIIM audpomypõuHU. 

T3, = ^^100%. (12) 

nojiHHH KUJX rHÄpoTypÖHHbi y^HTbieaer rHÄpaBjiHqecKHe, oöi>eM- 
Hbie, MexaHH^ecKHe h ÄHCKOBbie noTepH (rjiaBa III) OepetiHCJieHHbie 
noxepH sHeprHH saBHCflx gx narpysKH, noaxoMy KH/l 
jienflCTCH ee pe^KHMOM paÖoxH. Pe>KHM, npn KoxopoM KUR xypÕHHbi 
nocxHraex MaKCHMaJibHoro sHa^eaHs, iiasbisaeTca onmuMaAbHbiM o 
OTBerCTBeHHO pe>KHM (iV H^). Ha KOTOPUH paCOTHTUBaiOT xypÖHHy 
H onpeiiejifliOT ee ocHOBHHe napaMerpu (ÄHaMerp paöoqero KOJieca Di, 
M cHHxpoHHyio qacxoxy BpameHHJi n, oõImuh, h Bbicoxy oxcacbiBaHHH 
w? M) HasbiBaexcsi pacHemnuM. B saEHCHMOCxH ox THna xypOHHbi, ee 
paŠMepoE. KaqecTBa HarmoBaeHHH h ApyrHX 

THApoTypÖHH Ha onxHMaJibHOM peKHMe ÄOCTHraioT 93—95 A , cHHMtaHCb 
na Heoac^ieTHbix pexcHMax. 

CoBpeMeHHue MomHbie h cpeAHHe rHÄpoxypöHHbi HenocpeÄCXBCHHo 
•coenHHeHH c renepaxopaMH. Tax kek b renepaxope npH npeoopaao- 
•BaHHH MexaHHqecKOH SHepxHH B SJieKXpHqeCK^TO BOSHHKaiOX SJieKXp^- 

■qecKHe. MexaHHqecKHe h Apyrne noxepH, to KUJX rHApoarperax^ila^ - 
= tlq-Tlr. Ko3d)d)HUHeHx nojiesHoro AeficxBHfl renepaxopa rir — 9 d . 
-f- 98% AJIH CpCÄHHX H MOlUHblX rCHepaTOpOB H MaJIO HSMeHflexCH npH 

*^^'^M(mHOCxbTHÄpoarperaxa, yqHTHBaa noxepH b xypÖHHe h renepa- 
Tope, 

JV = = (8-i-9) Q//h, ACö/n. (13) 

lU^ 

nji5i xapaKxepHCXHKH sHeprexHHecKHX noKasaxejieft xHApoarperaxa 
TTPH pasJiHHHUx HanopHX H MOIHHOCTHX BBOAHT nom^me cpeÕHeesee^H- 
fioao K/7 /Z‘Hcd B 3 B- Oh paBen oxHomeHHio AeHCXBHxejibHon BbipaõoxKH 

SrHH rHÄPcarperaxoM npn ero paöoxe no rpa4.HKy HarpysKH k bu- 
paÖoxKe, Koxopyto oh mof 6bi oöecneqnxb npH xex jkc pacxoAax boah 

K npH llarp 1* 

S 

_ _ (14) 

IIJcp. B3B — fc 

1=1 

TaK KaK niApoxypÖHHa coeAHHeHa c chhxpohhhm reHepaxopoM nepe- 
ivieHHoro xoKa, xo ee nacxoxa BpameHHH AOJi>KHa 6bixb cxporo onpeAe- 
”ft! X. e. CHHXpOHHOft. CHHXpOHHyK) MBCXOXy BpaiueHHH xypÖHHb. 
H reHepaxopa onpeAejiHiox, noAbayncb saBHCHMOCxbK) 

f = ^ (15) 

/ 60 • 


(15) 



B CC^P qacxoxa nepeMeHHoro Tona npHHHxa f = 50 zi}, xoxAa co* 
rjiacHO (15) CHHxpoHHan qacxoxa BpameHHH XHApoarperaxa 

3000 

n — , oõImuh, (16) 

XAe p — qncjio nap hojiiocob renepaxopa, 

npH npoeKXHpoBaHHH XHApoarperaxa Hcnojibsyiox 3HaqeHH5i pac- 
qexHOH qacxoxbi npamennn h pasronnoH qacxoxbi Epamennn «paar- 
PacqexHan qacxoxa BpameHHHWp pasna CHHxpoH- 
HOH qacxoxe BpameHHH, na Koxopyio XHApoxypÖHna npoeKXHpyexcn. 
Qacxoxa BpameHHH xoAocxoro xoah «x.* — axo 
qacxoxa BpameHHH BosõyntAeHHoro reHepaxopa, oxKJiioqeHHoro ox chc- 
xeMbi. PasroHHOH qacxoxoH BpameHHH nasbiBa- 
excH MaKCHMajibHoe hhcjio oöopoxoB, AocxHraeMoe arperaxoM npH noji- 
HOM cöpoce HarpysKH h npn nojiHocxbio oxKpbixoM HanpaBJiHiomeM 
annapaxe (ajih noBopoxHOJionacxHbix XHApoxypÖHH — npoMexcyxoq- 
Hoe HOJiOÄeHHe JionaxoK nanpaBjiHiomero annapaxa h jionacxeö pa6o- 
qero KOJieca). 

§ 6. HcnojiBsoBaEtHe pasjiH^HBix thiiob rHAP0T3^p6nH 
B cooTBercTBHH c HanopaMH 

CoBpeMeHHoe XHApoxypöocxpoeHne pasBHBaexcH c yqexoM cjieAyio- 
mnx OCHOBHbIX XeHAeHHHH: 

HOBbimeHHH SKOHOMHqHOcxH H HaAe>KHocxH B 3KcnjiyaxaH.HH; 

AHAbHeHmero yBejinqeHHH öbicxpoxoAHocxH XHApoxypÖHH c aejibio 
oöecneqeHHH xpeöyeMofi pacqexHOH MomnocxH npn MeHbmnx raöapH- 
xax H Becax XHApoarperaxoB, qxo oöecneqnBaex CKHJKCHHe cxohmocxh 
SHeprexHqecKoro oöopyAOBaHHH h aASHHH FSC; 

yjiyqmeHHH sneprexHqecKHX xapaKxepncxHK rHApoxypÖHH h noBbi- 
meHHH cpeAHesKCHJiyaxauHOHHoro KUR arperaxoB npn paöoxe na ne- 
pacqexHbix narpysKax h nanope; 

yAyqmeHHH KaBHxauHOHHbix xapaKxepHcxHK c uejibio yMenbmeHHH 
paspyuieKHH npoxoqnoH qacxH h chhjkchhh oxmgxkh ycxaHOBKH xyp- 
ÖHHbl no OXHOLUeHHK) K HHJKHCMy ÖbC^iy, HXO npHBOAHX K cymccxBeHHOMy 
yMeHbmeHHK) cxohmocxh cxpoHxejibHbix paöox no SAaHHio FSC; 

yMCHbmeHHH nyjibcanHÖ AaBJieHHH b npoxoqnoH qacxH (ocoöeHHO^ 
33 paöoqHM KOJiecoM paAHajibHO-oceBOH XHApoxypÖHHbi) H conyxGXByKD- 
mnx HM BHÖpanHH arperaxa; 

AajibHeftmero pocxa eAHHHHHbix MomHocxefi xHApoarperaxoB; npn- 
MCHeHHe na FSC Momnbix XHApoarperaxoB nosBOJinex yMenbuiHXb hx 
HHCJio, noBbiCHXb KFIJI. H CHHSHXb cxoHMocxb SHepxexHqecKoxo oöopy- 
AOBaHHH H 3AaHHH. 

PaapaöoxKy BbicoKos^xJjCKXHBHoro SHeprexHqecKoro oöopyAOBaHHH 
BCAyx B AByx HanpaBJieHHHx: 

1. üajibHeHmee coBepmencxBOBaHHe npoxoqnoH qacxH, xexHHKO- 
3K0H0MHqeCKHX XapaKXCpHCXHK H yseJIHqeHHe ÖblCXpOXOAHOCXH OÖblHHblX 
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THnOB rHÄpÖTypÖHH — BCpTHKaJIbHHX OCBBblX rtOBOpOTHOJIOnaCTHbIX, 
paÄHaJlbHO-OCeBblX H KOBIIIOBblX TypÖHH. 

2. PaspaöoTKa hobhx cxbm nporoqHoö qacTH h KOHCTpyKUHÖ rHApo- 
TypÖHH c yjiyqmeHHbiMH snepreTHqecKHMH h KaBHTaiiHOHHbiMH xapaK- 

TepHCTHKaMH. 

B nocjieÄKHe rojibi AOCTHrnyTbi öojibiuHe ycnexH b paciuHpeHHH 
ÄnanasoHa npHMeneHHH oöbWHbix peaKXHBHbix rHÄporypÖHH no nano- 
paM. B nacTOHmee BpeMH BCpTHKajibHbie oceBbie noBopoTHOJionacxHbie 
rHÄpoTypÖHHbi npHMeHBioT na nanopbi 10 -f- 80 m. Cjie^yeT saMexHTb, 
•qro uejiecooöpasHOCTb npiiMeneHUB BCpTHKajibHUX occBbix xypÖHH na 
HH3KHC {H <C 10 JW) HJIH BblCOKHe HanOpbl {H > 60 M) Ke 5IBJI5I0XC5I 
öeccnopHOH. TaK, npHMeneHHe BepxHKajibHbix occBbix mÄpoxypÖHH 
Ha HHSKHe Hanopbi // = 3 -5- 10 ^ CBHsaHo c qpesMcpHbiM yBejiHHeHHeM 
pasMepoB H Beca arperaxa, y;i,opo5KaHHeM FSC. floaxoMy 

ÄHanasoHa nanopoB H = S m b nocJieAHHC roAbi paspaöoxaHbi 
^ojiee öbicxpoxoÄHbie h sKOHOMHHHHe ropHsoHxajibHbie KancyjibHbie 
arperaxbi. npHMeneHHe BepxHKai/ibHHX oceBbix noBOpoxHOJionacxHLix 
THÄpOXypÖHH Ha OXHOCHXeJIbHO BblCOKHe HanopH (H = 50 -i- 80 -w) 
oÖBHCHHexcH cxpeMJieHHeM noBucHXb cpeÄHesKcnJiyaxauHOHHbiH KOJX 
arperaxoB b xom cjiy^ae, ecjiH na cxanuHH HMeiox Mecxo öojibuine KOJie- 
-öaHHH HarpysKH h nanopa. V paÄHajibHO-oceBbix rHÄpoxypÖHH b xaKHx 
ycjiOBHHX na^aex cpeAHesKcnjiyaxauHOHHHH Knjt h yMCHbuiaexcH bli- 
paõoxKa SHepxHH. C Äpyrofi cxopoHbi, BbicoKonanopHbie BepxHKaJibHbie 
occBbie FHÄpoxypÖHHbi HMeiox xyÄiiiHe KaBHxauHOHHbie KaqecxBa, hxo 
orpaHHHHBaex hx npHMeneHHe na BucoKHe nanopbi. SKOHOMHnecKH ixe- 
jiecooöpasHO ycxanaBJiHBaxb hx na FSC xoJibKO npH sarJiyõJieHHH noÄ 
ypoBBHb HHJKHero He npeBbimaiomeM 6 -r- Sm. B cbhsh c sxhm 

eosHHKJia noxpeÖKOcxb b hobom XHne rH^poxypÖHHH, Koxopan oÖBe- 
.iiHHHJia 6bi b ce6e npeHMymecxBa oceBoö noBopoxHOJionacxHofi (Majioe 
HSMeneHHe KOjl, npH snanHxejibHbix KOJieöaHHHX nanopa h narpysKn) 
H pajinajibHO-oceBOH rn^^poxypÖHHbi (xopomne KaBHxauHOHHbie Kane- 
cxBa, Heöojibuioe sarjiyöJieHHe xypÖHHbi). Tanne rnÄpoxypÖHHbi, na- 
SbiBaeMbie ;i,HaroHajibKUMH noBOpoxHOJionacxHbiMH, öbiJiH cosÄaHbi h no- 
jiynaiox b Hacxonmee BpeMH Bce öojibiiiee npHMeneHHe b npanxHKe 
rHÄposneprocxpoHxejibcxBa npH nanopax // = 50 -j- 200 m. 

Pa;i,HaJibHO-oceBbie rHApoxypÖHHbi b nacxonmee BpeMn Hcnojibsyiox 
npH nanopax ox 30 jio 700 m (xaöji. 2). HpH^eM npo^BHJKenHe pa;i,H- 
ajibHo-oceBbix FHÄpoxypÖHH B Sony bmcokhx nanopoB (H = 300 -f- 
~ 7001, öojiee ÖHCxpoxoAHbix no cpaBHennio c KOBUiOBbiMH, cxajio bo 3- 
MOH^HbiM ÖJiaroÄapn yjiynmeHHK) hx KaBHxauHonnbix xapaKxepHCXHK, 
qxo nosBOJiHJio BbixecHHXb H3 30Hbi HanopoB H = 300 -i- 650 m Menee 
SKOHOMHHHbie KOBuioBbie rHÄpoxypÖHHbi. 

KoBiHOBbie rHflpoxypÖHHbi b nacxonmee BpeMn npHMenniox rjiaBHbiM 
oöpasoM npH nanopax CBbime 500 m {H = 500 -r- 2000 m). Mx koh- 
cxDyKUHH xaK>Ke npexepnejiH cymecxBennbie nsMenennH. CoBpeMennbie 
MOin.Hbie KOBIHOBbie FH^ipOXypÖHHbl BbinOJlHSIIOXCH BepXHKaJIbHbIMH 
MHoroconjiOBbiMH; ohh HMeiox öojiee BbicoKHe ananenHn KOJl, 

= 91 -J- 92%) no cpaBHeHHK) g panee npHMeHnBUJHMHcn ropHSon- 


32 


I 





xajibHbiMH xypÖHHaMH. Ecjih na aaj^annbie j^nanaaon nanopoB h ycjio- 
BHH paöoxbi rSC B03^M03KH0 npHMeneHHe necKOJibKHX pasJiHnnbix xh- 
noB XHÄpoxypÖHH HJIH paöoHHX KOJiec, xo neoõxoÄHMO npoBecxn 
xexHHKo-SKOHOMHqecKHH anajiHB paaJiHqnoro sneprexHqecKoro oöopy- 
ÄOBanHH H Bbiöpaxb onxHMajibHbifi Bapnanx. 

Oöman KJiaccHiJiHKanHn rHÄpoxypönn pasjiHqnux xhhob no nano- 
paM npe^cxaBjiena b xaöji. 2. B xaöji. III — VII npHjiOÄennn npHBe- 
ÄeHbi neKoxopbie napaMexpbi paaJiHnnbix rHüpoxypÖHn, ycxanoBjiennbix 
na pn^e coBpeMennbix 

TaÕAUtia 2. npHMeHeHHe riiÄpOTyp6iiH b cootbctctbhh c sanopaMH 

XnnM rHflpoTypÖHH 

PeaKTHBHbie rHAporypõHHbi 

Oceebte: 

KancyvifaHfcie, xpyöqaTbie h 
Ä pyrae rHjjpoarperaxbi 
BepxHKanbHue noBopoxHOJio- 
nacTHHc xypÖHHu 
riponejiJiepHHe 
XlByxnepoBbie 
jXuazoHaAbHue 
PaduaAbHO oceebie 
OöpaxHMue 
Oceebie 

JJuaeoHOAbHbie 
PaduaAbHO-oceebie odnocmy- 
nemambie 

AxxHBHbie riiApOTypõiiHbi 

KoBuuoBbie 
HaKJioHHo- cxp yHHue 
JlByKpaxHue 
cC4>HHAeKC» 

§ 7. HoBBie Tnnbi rHflpoxypÖHH 
H oõpaTHMbie THiipoarperaTbi 

PaccMOxpHM ocHOBHbie XHHbi FHÄpoxypÖHH, co3ÄaHHbix HJIH paspa- 
öaxbiBaeMbix b nacxonmee BpeMH [10; 11; 30]. 

OceBbie ropHSOHxajibHbie noBOpoxnojionacxnwe rHÄpoxypÖHHbi (na 
nanopbi // = 3 -4- 20 jw). BepxHKajibHbie mnpoarperaxbi nnsKonanop- 
HHX F3C (// < 10 jm) HMeiox öojibuine pasMepbi h Beca h Äoporyio noÄ- 
BOÄHyio qacxb SÄaHHa. FopHsonxajibHbie oceBbie rHÄpoxypÖHHbi pas- 
jiHqnbix KOHCxpyKHHH H KOMnoHOBOK (pHC. 19, 20) SKOHOMHqnee eep- 
THKaJIbHblX OCeBblX XHÄpOXypÖHH. npeHMymeCXBOM SXHX XHÄppTypOHH 
HB.7i5iexcH xaKJKe najiHHHe npaMOOcnon oxcacbmaiomeÄ xpyöbi, BCJiezi- 
cxBHe qero noxoK npn ero HBHJKenHH qepea npoxoqnyio qacxb xypÖHHbi 
Majio HCKpHBJinexcH. BcjieflCTBHe sxoro yMenbmaioTcn noxepn siieprHH, 
yBejiHHHBaexcn nponycKnan cnocoõnocxb. 
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TTsrArrAArm nsinrtrtrm 
H, M 

BiUiHHiiRaH 

MaKCHMajTbHafi 

Mon^HocTb N, Mem 

ÄHaMeTp TypoHHM 
MaKCHMajibHbifi 

Dl. M 

2—20 

Jifi 50 

8 

6—80 

250 

10,5 

6—80 

150 

9 

30—100 

250 

8 

30—200 

300 

8 

30—700 

800 

10 

2—15 

30 

8 

20—100 

300 

7.5 

30—600 

450 

9.5 

300—2000 

350 

7,5 

50—400 

50 

4 

10—100 



200—1500 







Pae 20 KancyjibHb.# rHApoarperar njll5/984-r-600 KHeacKofi PSC: 




Phc. 19. CxcMH npoTOMHUx qacTefl ropH 30 HTa;ibHbix occblix rHÄpo- 

xypÖHH: 

a — HiaxTHaa; 6 — TpyÖqaxaH. 


HaHÖOJiee uiHpoKoe npaMCHeHHe epe^H ropHSOHxajibHbix noBopoT- 
HOJionacTHbix rHÄpoTypÖHH nojiy^HJiH KaficyjibHue (pHC. 20). Fenepa- 
Top KancyjibHoro arperaxa pacnojiox^eH b Kancyjie. FaöapHXbi ÖJioxa 
no Bbicoxe h b njiane snaqHxejibHO Menbuie no cpaBHennK) c nepXHKa/ib- 
HOH oceBOH rHÄpoxypÖHHOH xaKOH xce MomnocxH, qxo npano^HX k chh- 
mCHHK) CXOHMOCXH SÄaHKH HB 25—40%. üpH XCX ÄO HEnopaX H ÄHB- 
Mexpax paöoqnx kojicc Momnocxb KancyjibHbix rnÄpoxypÖHH na 10— 
25% 60 /ibuie, qcM oceBMX nepxHKajibHbix; nx KHH b onxHMyMe Bbime 
na 2—3%, a npn pexcHMe noMHHajibnoH Momnocxn paannua b KTiJX eme 
öojibme. Paöoxa BepxHKajibnon occboh rHÄpoxypÖHHbi npn <})opcHpo- 
BaHHbix pacxoAax conpOBOxgiaexcn BHÖpanHeft n öojibuiHMH noxepaMH 
SHCprKH, OCOÖCHHO B oxcacbiBaiouicH 


xpyöe, B xo BpeMfl kbk b Kancyjib¬ 
Hbix xHÄpoarperaxax npH öoJibuiHX 
pacxoÄax axn HBJieHHH npoHBJinioxcH 
snaqHxejibHO Mcnbuie. 

Ha KHSKHe Hanopbi (// = 3-t- 

\h M) npHMCHHIOXCH B OCHOBHOM 
KancyjibHbie rHÄpoarperaxbi, kek 
õojiee coBepmeHHbie. 

OceBue ÄByxnepOBwe BcpxHKajib- 
Hwe noBopoTHOJionacxHwe iHÄpoxyp- 
ÕHHU (äJIH CpCÄHHX H BUCOKHX HB- 

nopOB, H = 40 -5- 80 m). ÄJIb 



yMeHblUeHHH BblCOXbl OXCaCUBaHHH 
H sarjiyÖJieHHH xypÖHHH neoöxo- 
ÄHMO yjiyquiHXb ee KaBHxaiiHon- 


Phc. 21. Pa6oqee KOJieco Äsyxnepo- 
BOH rnapoTypÖHHu: 

/ — 4wiaHeu; 2 — nepo- 


J —J - 

Hbie xapBKxepHCXHKH. 3xoro mojkho 

Äocxnqb, B qacxHOcxH, nyxeM yBeJiHqeHun qHCJia jHonacxeH paooqero 
KOJieea. OjiHaKo npn yBejinqeHHH qncjia jionacxen BOSpacxaKyr jina- 
Mexp BxyjiKH paöoqero KOJieea h cKopocxn noxoxa b paöoqeM KOJiece, 


qxo MOÄex npHBCCXH ne k yjiyquieHHio, a k yxyjiiueHHio KaBHxauHOHHbix 
KaqecxB occboh rHjipoxypÖHHbi. ^xoöbi Hsöex^axb qpesMepHoro yae- 
jiHqeHHB BxyjiKH npn qncJie Jionacxeö z = 8 , öbijia paspaOoxana ÄByx- 
nepoBan xHjipoxypÖHHa, y Koxopoö na kbjkäom ^^jiaHue JionacxH pas- 
MemeHbi äbb nepa (pHC. 21). MojiejibHbie n naxypHbie ncnbixaHHa ÄByx- 
nepoBOH FHÄpoxypÖHHbi noÄTBepÄHJiH ee npeHMymecxBa no cpaBHCHHio 
c oöbiqHOH oceBOH THjipoxypÖHHOH npH xex >Ke nanopax (H 40 -r- 
-5- 60 m). Ha öojibuiHHCXBe pejKHMOB paöoxbi ÄByxnepoBan XHÄpoxyp- 
ÖHHB HMeeX XOpOUIHe KEBHXaUHOHHbie XapaKXepHCXHKH H MaJiyK) He- 
cxauHonapHOCxb noxoKa b npoxoqnoö qacxH. 

KoHxppoxopHbie rHÄpoxypÖHHbi. KoHxppoxopHan rnÄpoTypÖHHa 
HMeex ÄBB nocJieAOBaxejibHO pacnoJiojKeHHbix paöoqnx KOJieea npoxHBO- 
noJiojKHoro BpameHHa (pnc. 22). BnaqaJie noxoK nocxynaex na nepeoe 
oeeBoe pa 6 oqee KOJieco (poxop), a saxeM Ha Bxopoe paöoqee KOJieco 
(KOHXppOXOp). TaKHM OÖpBSOM, Hanop Ha THflpOXypÖHHe MOJKHO pae- 
npejiejiHXb Mexc^y ÄByMH paöoqHMH KOJiecaMH, qxo hosbojihx npH- 
MCHHXb KOHxppoxopnyK) XHÄpoxypÖHHy Ha öojiee BbicoKHe nanopbi 
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(H =? 80-i- lOOjtt). KpHCTpyK^HH KOHTppoTopHoro rHApoarperaxa npcA- 
ycMaxpHB^eT ycTäHÖBky pöTopa rHApoTypÖHHbi c poTopoM reHepaxopa 
Ha OÄHOM BaJiy, a KOHxppoxopa rHApoxypÖHHbi co «cxaxopoM» reHe¬ 
paxopa — Ha ApyroM. riocKOJibKy poxop h «cxaxop» reHepaxopa Bpa- 
maioxcH B npoxHBonoJiWKHHX HanpaBJieHHHX, oöopoxHOCXb reHepa¬ 
xopa cyiHeexBeHHO yBCJiHHHBaexca, hxo hphboähx k yMeHbmeHHio ero 
Beca H paaMepoB. OAKaKO npoÖJieMa c^eMa moihhocxh c BpamaiomerocH 


«cxaxopa» renepaxopa, sHaHHxejibHoe ycnoÄRCHHe KOHcxpyKUHH arp^ 
raxa h ero peryjiHpoBaHHH He hosbojihiox noKa npHMeHHXb Ha 1^ 

KOHXppoxopHbie rHÄpoxypoH- 

HH. 

TfvvoT^i^uo 

jionacxHue eepxHKajibHbie rMÄ- 

poxypõHHw. rHApoarpera- 

XH HaxoAHT B Hacxoamee BpeMH 

Bce öojibuiee npHMeHeHHe npn 

3 2 1 Hanopax // = 50 -f- 200 m. 

HsBecxHO, Hxo noBOpoxHOJiona- 

cxHaa rHÄpoxypÖHHa HMeex 

BblCOKHH KUJX Ha paaJIHHHUX 

--5 peÄHMax ee paõoxbi. Y Anaro- 

HaJibHOH XHApoxypÖHHbi KaMepa 

I H BxyjiKa paõonero KOJieca 

i HMeiox c4)epHqecKyio 4^pMy, 

^ qxo nosBOjxnex noBOpaHHBaxb 

jionacxH Ha Hy^Hbifi yroji. Ilep- 

Phc. 22. CxcMa KOHTppoxopHofi rHApotyp- AHaroHajibHbie xypÖHHH 

, HM€JIH KOHHHeCKHH HanpaBJIHK)- 

/ — cnHpaJibHafl KHMcpa; 2—crarop; S—npoMe- „ _^ 

jKyroiHaH onopa; 4 — porop; 5 — JioinppoTop; mHH annapaX H paSBepHyxyK) 
«_OTcacb.Ba»ma^Tp^^-^Baa poTopa; 8 - cHHpaJIbHyK) KaMepy, HXO HpH- 



BOAHJIO K yCJIOÄHeHHK) KOHcx¬ 
pyKUHH OJioKa. Bojiee nosAHHe rHApaEJUinecKHe HccJieAOBaHHH noKa- 
aaJiH, Hxo nepexoAK paAHajibHOMy HanpaBJiaiomeMy annapaxy (pHC. 11) 


He npHBOAHX K yxyAuieHHio xapaKxepHCXHK xypÖHHbi h ynpomaex ee 
KOMUOHOBKy. B CoBexcKOM Coiose OHbixHaH ÄHaroHaJibHaH noBopox- 
H0.7ionacxHaH xypÖHHa ycneuiHO SKCUjiyaxHpyexcH Ha ByxxapMHHCKofi 
r3C; eme öojiee MomHbie AHaronaJibHbie xypOHHH ycxanaBJiHBaioxcH 
Ha SeiicKOH VSC (xaöji. V npHjiojKeHHji). 

PaAHajibHO-oceBue rHÄpoxypÖHHbi cneuHajibHofi KOHcxpyKUHH. L 

^ __ 


ue^ibio Aa-nbHeHHiero yBejiHHCHHH ObicxpoxoAHOCXH, yMeHbUieHHH ne- 
cxauHOHapHOCXH noxoKa b npoiOHHoii qacxn h BHÖpauHH rHApoarpe- 
raxa, a xaKJue ajih oöecneneHHa njiaBHoro HSMeneHHH Knjl npH hsmc- 


HCHHH Hanopa h narpysKu paapaöoxaHU HOBbie KOHcxpyKxnBHbie cxeMbi 
paöouero KOJieca u HanpaBJi5HOLU,cro annapaxa paAHaJibHO-oceBbix 
THApoxypÖHH H npoBeAeHbi rHApBBJiHHecKHe iicnbixaHHH hx MOACJiefi 
(pHC. 23). 

BbicxpoxoÄHbie paAHaJibH o-o ceBbie rHApo* 
T y p 6 H H bi (// = 35 170 jw). PaduaAbHO-oceean eudpomypõuna 
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c usMeuHfou^euca ebicomoü uanpaeAntow^eo annapama u paõoHeeo ko- 
Aeca u noeoporuHUMu AonamKaMU HanpoBAmou^o annapama (pHC. 
23, a). PHApoxypÖHHaxaKOH KOHcxpyKUHH oöecneuHBaex ABOHHoepery- 
jiHpOBaHHe pacxoAa npH HensMeHHOM nojiOHceHHH Jionacxen paõoqero 
KOJieca. HsMeHeHHe bbicoxh HanpaBJiHiomero annapaxa h paöoqero 
KOJieca npoHcxoAHX npH uomoiah noABHxcHHX Bepxnero Kojibua Ha- 
npaBJiHiomero annapaxa h BxyJiKH paöoqero KOJieca, qxo bosmohkho npH 
HajiHHHH UHJiHHApHHecKoro yuacxKa JionacxH, npHMbiKaioiuero k Bepx- 
HeMy oöoAy (BxyjiKa paöoqero KOJieca onycKaexca hjih noAHHMaexcH 



Phc. 23. HoBue cxcmli paÄHaabHO-oceebix rHjipoTyp6HH: 

a — c n3MeHHeMofl bucotoö h peryjiHpyeMbiM uanpaBJiHiomHM annapaTOM; õ — c npo- 
MCHcyTO^iHUM KOJifai^eBWM KpbijiOM B paöoqBM KOJicce; e — BNCOKOHanopnaH pa^^najib- 
uan noBopoTHojionacTHaB; a — c iiobopothhmh bxo;;hi>imh sjieMCHTaMH Jionacxeö pa6o- 

qero Kcwieca. 

OAHOBpeMeHHo’c BepXHHM KOJibuOM HanpaBJiHioLu.ero annapaxa). OpOEe- 
ACHHbie B CCCP onbixHbie HCCJieAOBaHHH moacjih sxoh rHApoxypÖHHbi 
(paöoqee KOJieco POI 70 na Hanop Hmax — 170 m) noKaaajiH, qxo npn ee 
paöoxe Ha pasjiHqnbix narpysKax oöecneqHBaexcn öojiee bhcokhk 
KJin H ero njiaBHoe KSMeneHHe no cpaBHeHHio c oöbihhoh paAH- 
aJibHo-oceBOH rHApoxypOiiHOH. OAHaKO KOHCxpyKUHH xaKofi rHApoiyp- 
ÖHHbi sHaqHxejibHo cjiojKHee. 

PaduüAbHO-oceeaa, zudpomypõuHa, paõonee koacco Komopoü UMeem 
npoMeo/cymoHHoe KOAbyeeoe Kpbuio (deyxznpycnoe paõonee koacco, pas- 
paöomaHHoe JIPIM um.M.H. KaAunuua). OcoöeHHOcxbio AanHoft koh- 
cxpyKUHH HBJinexcH HajiHqHe KOJibueBoro KpbUia, pasACJiHioiuero no- 
jiocxb paöoqero KOJieca na ABe qacxH, h oxcyxcxBHe napyjKHoro oõoah 
(pHC. 23, 6). KojibueBoe Kpbuio npeAHasnaqeHo ajih yMeHbuieHHH 
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HepaBHOMepHOCTH H CKOpOCTCH IiyJl^beaUHH ÄaBJieHHJI B nOTOKC, *ITO nOBbl- 

maeT KITÄ rHÄpoxypÖHHbi na nepacqerHbix pejKHMax. 3to öcoöeHHO 
BajKHO ÄJifl paöoqHX KOJiec blicokoh nponycKHOH cnocoÕHOCTH, y ko- 
TOpux nyjibcauHH ÄaBJieHHB b noroKe npeAcxaBJiaioT õojibmyio onac- 
Hocxb flflü MexaHHqecKOH npoqnocxH Bcero arperaxa h npexcfle Bcero 
CBapHoro paöoqero KOJieca. PeayjibxaxH sneprexHqecKHx HcnbixaHHH 
MOÄCJiefi ÄByxBBpycHbix paõoqHX KOJiec, npCÄHasHaqeHHbix na Hanopbi 
H = 75-i-U5M, Koxopbie õunu npOBeÄenbi na Ka4)eÄpe rHÄpOMauiHH 
JinH HM. M, H. KaJiHHHHa, noKasajiH, qxo KOJI hx na onxHMajibHOM 
pexcHMe npHMepHO xaKoft Hce, Kax h oöbiqHbix paõoqnx KOJiec, a cxe- 
neHb HecxaiiHOHapHOCTH noxoxa MCKbUie. 



Phc. 24. ripHHUHnHaJibHafl cxewa oõpaTHMofi rHÄpoMainHHti: 

a — paspea no oöpaxHMOMy raÄPoarperaTy; 6 — oöiuhA bhä paöoqero KOJieca; / — sarsop; 
2_reHepaTop-flBHraxeni»; 3 — oÖpaTHMan rHÄpoMaiiiHHa. 


TnxoxoÄHbie paAHaJibHO-oceBbie rHApoxyp- 
fiHHbi Ha BbicoKHe Haiiopbi {H = 400 -X- 700 m). lud- 
pomypÕUHaj poõonee koacco Komopoü UMeem noeopomHbie AonacmUj 
npeÕAOxceHa npo^ccopoM B. C. KsfimKoecKUM. nojiocxb paöoqero ko- 
jieca 3XOH FHÄpoxypÖHHbi HMeex xaKyio 4^pMy, npH KOxopoH JionacxH 
saKJiioqeHbi Mexi^y napajiJieJibHbiMH o6ox,b5iMH,^qxo ^sex BosMoxcHOCxb 
ocymecTBHXb oj^HOBpeMeHHbiH noBOpox jionacxeö paöoqero KOJieca h jio- 
naxoK HanpaBJiHiomero annapaxa (pHC. 23, e). Kbk noKasajiH MOx.ejib- 
Hbie HCCJieAOBaHHH, ;^BOHHoe peryjiHpOBaHHe pacxoAH qepes rHApoxyp- 
ÖHHy SHaquxejibHO yjiyqmaex ee Klljl na nepacqexHbix pexcHMax. 
OAHaKO Ha onxHMajibHOM pex^HMe paöoxbi KOA h KaBjixaixHOHHbie 
KaqecxBa xaKOH xypÖHHH HHJKe, qeM y jKecxKOJionacxHoft c oöwqHOH 
(JjOpMOH nOJIOCXH. 

rudpotnypõuHü c nodopotnubiMU GXOÕHbiMU SAeMeHtnciMU Aoncictneu 
paõoHeeo koabcü. B sxom cjiyqae jionacxH BbinojiHHioTCH paspesHbiMH. 
rioBopox bxoahoh qacxH JionacxH, pacnojiojKeHHOH MeÄAy napajijiejib- 
HbiMH yqacxKaMH Bepxnero h HHÄHero oöoAbeB paöoqero KOjieca (pHC. 
23, a), oöecneqHBaex öoJiee BbicoKHÖ KFI/I npH HSMeHeHHH pacxoAa 
qepes rHApoxypÖHny, nocKOJibKy noxepH Ha bxoab b paöoqee KOJieco 
yMeHbUiaioxcH. 
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OÖpaxHMue THApOMauiHHiii (xypÖHHbi-Hacocw). /Ijih oöecneqeHHH 
MaKCHMajibHoro Kn/1. sneprexHqecKoro oöopyAOBaHHH b nacocHOM 
H xypÖHHHOM pexcHMax Ha rA3C ycxanaBJiHBaiox oxAexbHO rHApoxyp- 
ÖHHH H HacocH, KOxopbie paccqHXbiBaiox na saAaHHbie ycjiOBHH nesa- 
BHCHMO Äpyr ox Äpyra. Oahhko xpexMamHHHbiö arperax (rHApoxypÖH- 
Ha—renepaxop — ABHraxejib—nacoc), HBJiHHCb onxHMajibHbiM c rHApaB- 
JIHqeCKOH XOHKH SpeHHH, — rpOMOSAKHH H AOpOrOH. npH npHMeneHHH 
oöpaxHMOH rHÄpaBJiHqecKOH MauiHHbi, coeAHHeHHofi c ABHraxejiew-re- 
HepäxopoM, cxoHMOCXb SHeprexHqecKoro oöopyAOBaHHH h sahhkh FASC 
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Phc. 25. CpasHeHHe paöoqHx kojicc pa^Ha/ibHO-oceBofi xyp- 
ÖHHbl H OÕpaTHMOH HaCOCHOfi XypÖHHbl (ÄaHHtJC 

3mep — Bhcc): 

a — njian paöoqHX kojicc; 1 — TypÖHHHoe paöoqee KOJieco; 2 — nacoc- 
Hoe paöoqee KOJieco; 6 — MepHÄHOHajibHaH npoeKUHM paÖOHHX KOJiec. 

cyu;ecxBeHHo yMeHbuiaexcH. OöpaxHMax THApOMauiHHa MO^ex paöo- 
xaxb H KaK Hacoc, h ksk xypÖHHa; sxoro na^o HSMeHHXb nanpaa- 
jieHHe Bpan].eHHH poxopa arperaxa (pHC. 24). TaKHM oöpasoM, oahh 
arperax (rHApoMauiHHa — sjieKxpHqecKaa MauiHHa) Moxcex aKKyMy- 
JiHpoBaxb FHApaBJiHqecKyK) sneprHK), paöoxax b nacocHOM pexcHMe, 
HJiH BbipaöaxHBaxb sjieKxpHqecKyio b xypÖHHHOM pexcHMe. HojiyqeHHe 
BbicoKoro KOJl. b HacocHOM H xypÖHHHOM pexcHMax npH oömeft npoxoq- 
HOH qacxH H OAHHaKOBOH qacxoxe BpameHHx sjieKXpnqecKOH MauiHHbi—■ 
aaAaqa aobojibho cjiOÄHax. 

KoHCXpyKTHBHO OÖpaXHMBH FHApOMaUIHHa HOAOÖHa OÖbiqHOH FHApO- 
XypÖHHe. npH HpOeKXHpOBaHHH OÖpaXHMblX rHApOMaUIHH OCHOBHOe 
BHHMaHHe yAejiflexcfl cosAaHHio s^x^eKXHBEoft npoxoqnoH qacxH aFpe- 
Faxa npexiAe BceFO b nacocHOM pexiHMe paöoxbi. Paöoqee KOJieco oöpa- 
XHMOFO arpeFaxa b ochobhom paccqnxbiBaexcH kbk HacocHoe KOjieco. 
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HsBecTHo* 1 TO noTOK B paöoH.eM KOJiece Hacoca saMeÄ^neHHbiH (ÄH$4^y- I 

aopHan pemerKa), a b TypÖHHHOM ycKopeHHbiH (KOH4)y3opHafl pemexKa) 

(pHc. 25, fl, õ). SaMeÄJieHHe noxoKa b o6faiqHOM rypÕHHHOM KOJiece, 
HMeiomeMKOpOTKHejionacTHbieKaHajibi, npn ero paõoxe b nacocHOM pe- 
ÄHMe 6tuio 6bi qpesMepHMM h npHBCJio 6bi k oxpuBHbiM hb^ichham, na- 
AeHHK) Knjl, H yxyAuieHHK) KaBHxaii.HOHHbix xapaKxepHcxHK XHÄpo- 
arperaxa. OoaxoMy nacocHoe paöoqee kojicco jiyqme npHcnocoÖJieHO 
K paöoxe b xypÖHHHOM pejKHMe, qeM xypÖHHHoe b HacocHOM. 

Hanop, pasBHBacMbiH b nacocHOM pe>KHMe paöoxH, kbk npaBHJio, 

AOJiJKeH öbixb öojibiue, qen b xypÖHHHOM pejKHMe. BcjieACXBHe sxoro 
npH BbiöpaHHOM AHaMexpe paöoqero KOJieca qacxoxa BpamcHHa arpe- 
raxa b HacocHOM pcÄHMe AOJi^na 6bixb öojibiuG (npKMepHO Ha 10-f-15 #4) 
no CpaBHGHHK) C XypÖHHHblM peJKHMOM. ECJIH BCAH^HHa KH/l, B XypÖHH- I 

HOM pejKHMe HMcex nepBOCxeneHHoe SHaqeHHe, bosmoäho HsroxoBJie- 
HHC oöpaxHMoro arperaxa c AByxcKopocxHoö oöpaxHMofi ajiexxpHqe- 
CKOfi MafflHHOH- OAHaKO B COBpCMeHHblX KOHCXpyKUHflX OÖpaXHMblX 

ruApoManiHH yAscxcH oöecnGqHXb npHGMJiGMbie sHaqcHHH KrUJ, b Ha- 
COCHOM H xypÖHHHOM pGJKHMax npH OÄHHaKOBOH qacxoxc BpamCHHH. 
rioBXOMy AByxcKopocxHHG oöpaxHMbiG axpexaxbi, KaK öojieG Aoporne, 
npHMGHHIOXCfl pCAKO. 

3(J)4)eKXHBHOcrb paöoxbi TASC Bospacxaex no Mepe yaejiHqeHHH nx 
Hanopa, noaxoMy cpcAHc- h BbicoKonanopHbie paAnajibHo-oceBbie oäho- 
cxynenqaxbie oöpaxHMbie arperaxbi (ff= 1(X) -š- 600 m) naxoAHX iuh- 
poKoe npHMCHeHHe (xaöji. VI npHJiox^eHHH). 

B oTflGJibHHX c/iyqaHX nejiecooöpasHO npHMeneHHe AHaronajibHbix 
H occBbix oOpaxHMbix THApOMauiHH, 3 xaKJKC MHorocxyncHqaxux o6pa- J 

THMbix FHApoarperaxoB. 

KcitwyAbHbie eudpoaspeeambt npHJiHBHbix sjieKxpocxaHnHH Bbinoji- 
HHiox oöpaxHMbiMH ÄJiH oöecneqcHHH noÄB^H BOAbi B öacceHH B qacbi 
npoBajia rpa(|)HKa narpysKH CHCxcMbi (HacocHbift pexcHM) h nocJieAyio- i 

mero HcnoJibSOsaHHH aKKyMyAHpOBaHHofi sHepxHH b nacbi noKpbixHH \ 

HHKOB rpacpHKa HarpysKH (xypÖHHHbifi pexcHM) (pHC. 7). OöpaxHMbiH 
arperax 1130 mojkgx paöoxaxb b xypÖHHHOM h nacocHOM pCÄHMax npH 
jiioöoM HanpaBJicHHH BpameHHH paöoqero KOJieca, a xaxxte b KaqecxBe 
BOÄonponycKa. 3xoro yAa-nocb AocxHqb ÖJiaroAspn npuMeHeHHio Jiona- 
cxGH cneuHajibHOH S-o6pa3HOH (j)opMbi H MexaHH3Ma noBopoxa, ocyme- f 

cxBJiHiomero noBOpox Jionacxefi na öojibuine yrjiH no cpaBHeHHio c oöbiq- 

HblMH OCCBblMH paÖOqHMH KOJIGCaMH nOBOpOXHOJIOnaCXHbIX XHApOXyp- J 

6hh. OpHMOxoqHaH cxeMa KancyjibHoro arperaxa ueJiecooöpaaHa npn 
nepeMene nanpaBAeHHH ABH>KeHHH noxoKa, CBH3aHHoro c nepexoAOM 
H3 XypÖHHHOrO peJKHMa B HaCOCHbIH (hjih Haoöopox). 

ripHHUHnHaJibHaH KOHCxpyKUHH arperaxa aHajiomqHa noKaaaHHon 

na pHc. 20. j 

KancyjibHbie oöpaxHMbie arperaxbi b nacxoHinee BpeMH npHMeHHiox 

na nanopH H = 2 -i- 15 m. 

JluodOHCuibmie noeopomHOAonacmHbie oõpamuMbie audpoaepeeambi 
HcnoAbsyiox ajih ycxaHOBKH na FASC npn öojiee bmcokhx nanopax ^ 

H — 25-i -100 JK. rioBOpox Aonacxen paöoqero KOJieca yjiyqmaex pa- I 
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öoqne xapaKxepHCXHKH oöpaxHMoro rfiApoafperaxa, õcböeHHO npn pa- 
6oxe B nacocHOM pexiHMe. Bo-nepBbix, npn paöoxe na nepacqexHbix 
peacHMax cymecxBenHo yBeJiHqnBaexcn KH/I, nacoca c noBopoxHbiMH jio- 
nacxHMH no cpaBHennio c HcecxKOJionacxHbiMH paöoqnMH KOjiecaMH, 
Bo-Bxopbix, npH pa3Bopoxe jionacxen paöoqero KOJieca na öoabuihh 
yroA ynejiHqHBaioxcn AnaMei^pbi pacnojioxceHHH bxoahmx h BbixoAHMX 
KpoMOK paöoqero KOJieca, qxo oÖecneqnBaex pocx pacxoAa h yeejiHqe- 
HHC nanopa. 3xo oöcxonxejibCXBO oqenb BajKHO äJih paöoxbi arperaxoB 
B nacocHOM pexcHMe Ha cxanuHJix, rjxe naÖJiiOAaexcfl öoAbUioe KOjieöa- 
HHe ypoBHH BOAbi B BepxHGM öacceÖHe. Ha pHC. 26 noKasan BepxHKajib- 



Phc. 26. ^HaroHajifaHaH oÖpaTHMaH rHÄpoTypÖHHa juiu FASC; 

/ — cnnpajibHaH KSMepa; 2 — cTaxop; 3 — HanpaBJiHiomHfi annapax; 4 — paöoqee KOJieco; 

5 — oxcacUBaioiuaH xpyöa; 6 — KpuniKa xypÖHHH; 7 — no;iuiHnHHK xypÖHHbi; 8 — aaji 

XypÖHHbI. 

HbiH paapea no oöpaxHMOMy AHaronaJibHOMy arperaxy oahoh h3 aoö- 
cxByioiAHX rA3C. IlpHMeHeHHe oöpaxHMbix AHaroHaJibHbix rnApoarpe- 
raxoB na Hanopbi H > 100 orpaHHqeno KaBHxauHOHHbiMH h npoqno- 
cxHbiMH xapaKxepHCXHKaMH arperaxa. 

PaAHaJibHO-oceBbie oöpaxHMbie rnApoarpe- 
raxbi cneuHaJibHbix KOHCXpyKUHH [30]. C nejibio 
ÄajibHeHiiiero yjiyqmeHHH xexHHKO-aKOHOMuqecKHX noKaaaxejien oö- 
paxHMbix paAHajibHO-oceBbix rHApoMamnH u pacmHpeHnn aoHbi hx npH* 
MeneHKH no HanopaM öbiJi paapaöoxan pHA hobbix KOHcxpyKUHH. ^xoöts 
Haöex^axb naAeHHH KUJl rHApoarperaxa, ocoöohho npH paöoxe b xyp- 
ÖHHHOM peÄHMe, uiBeHnapcKHMH HHÄeHepaMH paapaöoxaHa opurn- 
HaJIbHan KOHCXpyKUHH OÖpaXHMOH rHÄpOMaillHHH C nOCXOHHHbIM Ha- 
npaBJieHHeM BpameHHH poxopa (pHc. 27), nojiyqHBmen HaaaaHHe «Hsoa- 
ÄHp». Arperax HMeex ABa paöoqne KOJieca — nacocnoe h xypönnHoe, 
ycxaHOBJieHHue na oömeM aajiy. Ha bxoäb b paöoqee KOJieco thapo- 
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TypõHHbi H BfaixÖÄe H3 Hacoca hmciotc^ ftesaBHCHMHe; UHjiHHÄpH^iecKHe 
aaxBopH. Ecjih, nanpHMep, arperax paöoxaex b xypÖHHHOM pencHMe, 
To saxBop nocjie paöo^iero KOJieca Hacoca aaKpwx h Boji.a oxjKaxa h 3 
nojiocxH Hacoca. £[jih nepexoaa b HacocHbiH pejKHM npn coxpaHCHHH 
HanpaBÄCHHH spameHHH poxopa saKpHBaiox aaxBOp nepe^ xypÖHHOH, 



Phc'. 27. OöpaTHMaH rHÄpoManiHHa «HsoflscHp»: 

J — TvpõHHHoe paõoiee Kcwieco; 2 — cnnpajibHaH KaMepa; 3 — nacocHoe paöoiee Kcwieco; 4 aaji 
rnflpoarperaTa; 5 •=» BcacwBaiomHfi naxpyöoK; 6 — uH^HHÄPH^ecKHfl saxBop; 7OTcacfaiaaiomaa 

Tpyöa. 

oxÄHMaKDx BOAy H3 CC paöo^ero KOJieca h oxKpbmaiox 3axBOp nocjie 
paöo^iero KOJieca Hacoca. TaKHM o6pa30M, nepexoÄ h3 oähoxo pe^HMa 
paöoxbi B ÄpyroH cymecxBCHHO ynpomaexcH h xpeöyex MeHbinero Bpe- 
MCHH. SKcnepHMCHxajibHbm arperax «H30Ä^Hp» ycxanoBJieH na FSC 
«Po6h» (IIlBeHuapHH). 

XI,pyrnM noÄXO^OM k pemeHHio Bonpoca o6 yjiymiieHHH KnjX h xa- 
paKxepHCXHK oõpaxHMOH rHÄpOMaiUHHbi npH paöoxe b xypÖHHHOM h na- 
cocHOM peÄHMax HBJiaexcH KOHCxpyKiiHH arperaxa «XaHBap», paapaöo- 
xaHHaH aHrJIHHCKOH (j)HpMOH «HHrJIHin SjieKXpHK» (pHC. 28). OxJIH^H- 
xejibHOH ocoöeHHocxbK) paöoqero KOJieca xaKoro arperaxa hbjihkdxch 
noBopoxHbie sjieMenxbi paapesHHX jionacxefi. PeryjiHpoBaHHe nojioxce- 
hhh BbixoÄHbix qacxefi jionacxefi b saBHCHMOcxH ox oxKpHXHH nanpaa- 
^Hiomero annapaxa noBBOjiaex cymecxBenno yjiyMuiHXb xapaKxepncxHKH 
arperaxa npn nepeMeHHMX nanope h HarpysKe. C Apyroö cxopoHbi, 


HDH- paöoxe B HacocHOM pejKHMe noBopoxHbie .^JieMeHXbi jionacxeH no- 
3BOJIHIOX o6ecne*iHXb ne xojibko bbicokhh KIUI, ho h xpeöycMyio Be- 
jiHqHHy Hanopa, xaK KaK npn noBOpoxeBHXOÄHofl »iacxH JionacxH H3Me- 

HHexcfl ÄHaMexp paöoqero KOJieca. 



Phc. 28. Pa6o»iee kojicco oöpaTHMOö paflHajibHO-oceBOH rHApoMauiHHu 

«XaHBap» c noBopoTHbiMH sJieMCHTaMH JionacTefi: 

oömHfi BHfl pa6o-iero KOJieca; 6 - cxeMa -non^cTHoro Kauajja pa^-iero 

uflnTi, TrnnflrTW* KnJI>»nO- 3 —- Iiand>d. 4 4)HKCH- 


CoBpeMeHHOH XeHÄCHUHeH B pa3BHXHH OÖpaXHMblX THApOMaillHH 
HBJinexcn Aa^ibHenmee hx npoABumeHHe b 30Hy õojiee bhcokhx nanopoB 
// = 500 1000 M. Paöoxbi Be^yxcH b AByx HanpaBJieHnax: paspa- 

öoxKa ÄByxcxynennaxbix hjih MHorocxynennaxbix paÄnajibHO-oceBbix 
oöpaxHMbix rHApoMauiHH; nocjieÄOBaxejibHoe coeAHnenHe ÄByx oobinnbix 
oöpaxHMbix paAHajibHo-oceBHX ManiHH (cÄBoeHHbie oöpaxHWbie arpe- 
raxbi). 
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OCHOBBI TEOPHH THAPABJIHHECKHX TyPBHH, 
HCntlTAHHa MOAEJIEB 
H OnPEmEJIEHHE OCHOBHBIX HAPAMETPOB 
HATypittix ^H;^poTypBHH 

rjiasa I. OCHOBBI TEOPHH rH^JjPABJIHHECKHX TyPBHH 

§ 8. 3aAa^ pacHeTHO-xeopexHHecKoro HccjieAOBaHHa 

npoToaaoH aacTH rH^poxypÕHH 

PacqexHO-TeopeTHHecKoe HCCJicAOBaHHe paöoqero npouecca rHjipo- 
MauiHH (sHeprooÖMeHa hotokom h JionacxHOH CHCxeMOH pa6o- 

qero KOJieca c yqexoM noxepb sneprHH b npoxoqnoH qacxH) CBHsaHo 
c npHMeHeHHeM ypaBHCHHH ÄBHÄeHKB, aneprHH, KOJinqecxBa ÄBK^KCHHa 
H ÄpyrHX KaK B aÖCOJIIOXHOfl (HenOÄBHÄHOH), XaK H B OXHOCKXeJIfaHOH 
(epamaromeHCH BMecxe c paöoqHM kojiccom) CHCxeMax Koop^HHax. Pac- 
qexHoe HccjieÄOBaHHe h npoeKXHpoBaHHe npoxoqHoft qacxK rnÄpoxyp- 
6hh ocHOBano na npaMeneHHK onpeÄCJieHHMX XHApoMexaHHqecKHX cxeM 
npH cooxBCxcxByiomHX Äonyiii.eHHHX, ynpomaiomHX ÄeficxBHxejibHyio 
KapxHHy xeqeHHB h aneprooÖMeHa. 

OcHOõHoe HOSHUHeHue audpomypõuHu cocmoum e tipeoõpoaoeoHUu 
zudpasjimecKoü anepauu nomom e MexanuHecKyfo dHepauto na ee eajiy. 
riosxoMy ocoöoe BHHMaHHe y^eJiHexcB ypaBHeHHio aneprHH noxoKa 
B npoxoqnoH qacxH Kax b aöcojuoxHofi, xax h b oxHOCHxejibHofi CHCxeMax 
KoopÄHHax. npHMeHeHHe nepeqncjieHHbix Bume ochobhbix ypaBHeHHH 
noxoKa B sa^aqax rH^po^HHaMHKH xypöoMauiHH k hx npaKxnqecKoe 
pemeHHC npa noMomn 3BM nosBOJinex onpeAejiHXb noBepxHocxH xoxa 
B npoxoqHOH qacxH kbk b aöcoJuoxHofi (cnKpajibHan KaMepa, cxaxop, 
HanpaBJiHiomHH annapax), xax h oxHocHxejibHoft (paöoqee KOJieco) 
GHcxeMax KOOpÄHHaX. 

B xeopHH XHÄpaBJiHqecKHx xypÖHH HsyqaioxcH cjie^yiomHenpoöJieMbi. 

PacwexHoe HCCJiCÄOBaHHe noxona hcbaskoh äh^kocxh b npoxoHHofi 
qacxH saÄaHHOM (Jjopivibi m npoeKXHpoeaHHe jionacxHWx CMcxew npw hs- 
BecXHOH Cj)OpMe nOXOKa. B SaBHCHMOCXH OX KOHKpeXHbIX yCJIOBHÖ 9Xa 
npoöJieMa mojkcx öbixb C(J)opMyjiHpOBaHa b bhäg npHMofi hjih oöpaxHoft 
sa^aqK. 

HccjieAOBaHHe bxophmhhx xeMenHÜ. HojxemopmHbLM nomoKOM b xyp- 
öoMaiiiHHax noHHMaiox ÄBHxcenHe jkhäkocxh, npHBOÄHiuee k pasjinqHK) 
Me:^Äy ÄeöcxBHxejibHOK (|)opMOH noxoKa h npHHHXHM ocecKMiviexpHqHbiM 
ÄBHxceHHCM. npHÖJiHx^eHHoro onpeÄejienHH (|)opMbi noxoKa b pa- 
öoqcM KOJiece npn npHHHXbix AonymeHHHX Hcnojibsyrox npHMyK3': oce- 
CHMMexpKqnyio sa^aqy. yxoqHCHHe npHHaxbix noBepxHocxefi xoxa 
B npouecce pemeHHH npaMofl sa^aqH nosBOJinex HaivrexHXb nyxH yjiyq- 
meHHH reoMexpHH npoxoqHoft qacxH h yMeHbUieHHH AonojiHHxe/ibHbix 
noxepb SHepxHH. 


HccJiCÄOBaHHe noiOKa bbskoh ähakocxh h onpeAeJieHHe rHÄpaBJiHwe- 
CKHX noxepb aHeprMH npH noMOUiH xeopHM norpaHMqnorocjiofl. Ha nepBOM 
3 xaneBbinojiHBK)x pacqex noxoxa neBHaKofi jkhäkocxh b npoxoqnoH qacxn 
xypöoMauiHHM. 3x0 noanojiner b nepBOM BpHÖJiHÄenHH BuqncjiHXb 
pacnpeAeJieHHe CKOpocxefi h AaBJieHHH na oöxeKaeMbix noBepxHocxBX 
jionacxen; nocjieAyiomHft pacqex norpaHHqnoro cjioa n npo4)HjibHHX no¬ 
xepb B JionacxHbix CHCxeMax Äaex BOSMOJKHOCXfa na ocnoBannH aHajinsa 
pacqexHbix AaHHbix Buöpaxb onxHMajibHbifi Bapnanx npoxoqnoft qacxH. 

OAHaKO RJiH oKonqaxeAbHoro Bbiöopa npoxoqnofi qacxn oähhx pac- 
qexHbix MexoÄOB HCCJieAOBanHH HeAOCxaxoqno, nocKOJibxy ohh onncbi- 
BaKDX paöoqHH npouecc rnApoxypÖHHbi npnÖJiHJKeHHO. B cbhsh c sxhm 
B HHJKenepHOH npaKxnne öojibinoe snaqeniie npHAaercn SKcnepuMeH- 
xaJibHOMy HccjieAOBaHHK) MOAeJiefi n naxypHbix rnApOMauiHH. Jlaöopa- 
xopHbie HcnbixaHHH MOAeJien h hx MOAH(})HKan;HH nosBOJiHiox b KOHeqHOM 
Hxore peuiHXb sa^a^y cosAaHHa 94x^eKXHBHOH npoxoqnofl qacxH rnApo- 
xypÖHHbi jiflH saAaHHbix ycjiOBHK. SKcnepHMeHxajibHue AanHbie hc- 
nojibsyiox xaioKe ajih AaJibneHmero yxoqneHHH h coBepmeHCXBOBaHHH 
MexoAOB pacqexa npoxoqHofi qacxn XHApoxypÖHH. 

§ 9. CxpyKxypa noxoKa b npoxoqcBOH ^kicth 
peaKXHBHBLx rnApoxypÕHH 

CxpyKxypa noxoxa b npoxoqnoH qacxH xHApoxypÖHHbi qpesBMqaHHO 
CJIOXKHa, qxo MOXKHO OÖBSCHHXb CJieAyiOmHMH OCHOBHHMH npHHHHaMH: 

1. npoxoqnaa qacxb peaxxHBHOH xHÄpoxypÖHHH HMeex anaqHxejib- 
nyio KpHBHSHy KonxypoB, HSMenHiouiyiocH bäojib noxoxa, qxo npHBO- 
AHX X cymecxBeHHOH nepaBHOMepHocxH cxopocxefl h AaBAenufi b pas- 
jiKHHMx ceqeHHHX noxoxa. 

2. KoHeqHoe qncjio jionaxox HanpaBAHiomero annapaxa h Jionacxefi 
BpamaiomerocH paöonero xojieca BbiSbiBaex HSMeHCHHH cxopocxK h AaB- 
jieHHH B ceqeHHHX noxoxa b aaBHCKMOcxH ox ero xoopAHnax h BpeMeHH. 
B pesyjibxaxe noxox b npoxoqnofi qacxH h, b qacxnocxH, b paöoqeM xo- 
jiece (xax aöcoAioxHbiH, xax h oxHOCHxejibHbiö) xpexMepnbiö n neycxa- 
hobhbihhhch. 

3. Cxpyxxypa noxoxa ycjiojxHHexca HS-sa bakhhhh bhsxocxh, oco- 
õenno na pexcHMax paöoxbi xypÖHHbi, oxjiHqnbix ox onxHMajibHoro. 
Hapacxanne norpaHHqnoro cjioh h ero oxpbiB ox oöxexaeMbix noBepx- 
Hocxefi npHBOAHX X ycjiOÄHeHHK) noBepxHOCxeH xoxa, xoxopbie SHaqH- 
xejibHO oxAHqaioxcH ox npHHHxux pacqexHbix 4x)pM noxoxa. 

PacqexHO-xeopexHqecxoe HccjieAOBaHHe noxoxa bosmojkho npH onpe- 
AejieHHbix ynpomaiomHX AonymcHKHX, nosBOJiHiomxx onncaxb h npo- 
aHajiHSHpoBaxb noxox npn noMomx MaxeMaxnqecxoro annapaxa. Oöbihho 
npHHHMaiox cjieAyiomHe AonymenHH: noxox b npoxoqnoH qacxH ueena- 
Kuüj necofcuMoeMbiü h b cpeAHCM — ycmaHoeueiuuüCR\ ABHÄCHHe qacxHU 
JKHAXOCXH npoHcxoAHX BAOJib noBepxHOcxefi xoxa, xoxopbie bbjihioxch 
noeepxHocmRMu epau^enuR. 

B XeOpHH XHApOMamHH B SaBHCHMOCXH ox HHCJia XOOpAHHaX, no xo- 
xopbiM yqnxbiBaexcH KSMeneHHe napaMexpoB noxoxa, npHnnxa cjieAyio- 
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man KJiaccH(|)HKanHH noTOKoe; oÕHOMepHbie nonwKU, deyjnepHbie nomoKu^ 
mpexMepHbie notnoKU [5; 7; 24; 28]. 

JXJifi HJiJiHDCTpauHH KJiaccH4)HKauHH HOTOKOB B rHÄpoxypÖHHax npH- 
MCHHM KpHBOJIHHCHHyK) OpXOrOHaJIbHyiO CHCXeMy KOOpÄHHaX ^ 1 , <72. 
^3 (pHC. 29). KoopÄHHaxa qi HanpaBJiena BÄOJib npHHaxofi noBepxHocxH 
xoKa; ^2 — no HopMaJiH k noBepxHocxHM xoKa; KoopÄHHaxa <73 — nep- 
ncHÄHKyjiHpHa k h ^2 n coBnaÄaex c oKpyÄHHM HanpaBJicHHeM spa- 
meHHH paöo^ero KOJieca. 






Phc. 29. rioBepxHOCTH TOKa B peaKTHBHHX rHÄpoxypÕHHax: 
a — paÄHaJibHo-oceBaa; 6 — oceaaH; e — noBepxHcxsTt lOKa 5^ — 

OÄHOMCpHblH nOXOK. B OÄHOMepHOM BOXOKe y^HXblBaiOX 
HSMeHCHHe napaMexpoB noxoKa xojibKo baojib noBcpxHocxH xoKa — 
KoopÄHHaxH <7i. Oojiaraiox, tfo CKOpocxb, ÄasJieHHe h jipyrne napa- 
Mexpbi noxoKa He naivieHflKiTCH bäojib KoopÄHHaT <72 a <73. OpHHflXbie koh- 
xypbi npoTOMHOH qacxH rHÄpoxypÖHHU onpeÄeJiaiox tJjopMy jihhhh xoKa, 
a HSBecxHbie BejiHHHHbi pacxo;ia h nonepe^Hbix ce^eHHÖ noxona — ana- 
qeHH5i cpeÄHHX cKopocxeö BAOJib HopMajieH < 72 - TaK Kax nsMeHCHHe na- 

paMexpoB BÄOJib KOopÄHHaxbi(73 He y^iHXbiBaexcH = 0 ), xaKofi rio- 

xoK HasbiBaiox ocecuMMempmubiM. 

ÜByMcpHbiH noxoK. B 3X0M cjiy^ae yqHXbmaiox HSMeHeHne 
napaMexpoB noxoKa b MepHÄHOHajibHoö hjiockocxh no ÄByM KoopÄHHa- 
xaM qi K ^2- Hoxok no-npejKneiviy cqnxaKyr ocecHMMexpHHHUM, x. e. ne 
yqnxbiBaiox HSMeHeHHa cKopocxH h ÄaBJicHHH bäojib KoopÄHHaxbi ^3. 


OnpeÄCJieHHe jihhhh xoKa h HopMaJien k hhm, a xaKHce 3 Ha*ieHHii cko- 
pocxeA BAOJib qi h q^ flBJiaerca ochobhoh saAa^eH npn nocxpoenHFx Me- 
pHÄHOHaJIbHHX nOXOKOB. ÜByMepHblC nOXOKH lUHpOKO HCnOJIbSyiOX 
B npaKXHKe rHApoxypöocxpoeHHH npH pemeHHH ocecHMMcxpH^Hbix aa- 
Aa^i, xaK KaK ohh xo^nee onHCbiBaiox AeficxBHxeJibHyio KapxHHy xe^enHa 
B npoxo»iHOH qacxH. 





Phc. 30. BnxpeBaH cxeMa peaKTHBHofi rHÄpoTypOHHH: 
a — oceBOÕ; õ — paÄHaJibHO-oceBOfi. 


TpexMepHbiH noxoK. B peaJibHOM noxoKe ^epes riiÄpo 
XVPÖHHy CKOpOCXH H ABBJieHHH MeHHIOXCH OO BCCM XpeM JCOOpÄHHaxaM. 
TaK KaK cKopocxH H AaBJieHHH H3MeHHK)xcH no yrJiOBOH mnpHHe Jio- 
nacxHbix KanajiOB, AencxBHxeJibHbie noBepxnocxn xoKa ne hbjihioxch 
nOBepXHOCXHMH BpameHHH. 

MexoAbi pacnexa npocxpancxBeHHbix noxoKOB naxoAnx Bce 
npHMeneHHe b HHÄenepHOH npaKXHKe. OAnaKO ohh oxjiHHaioxcsi CAom- 
HOCxbK) BbiqHCJieHHH. ^JiH ynpomeHHH pacqexoB H noAyqeHHH npa™- 
qecKHX pesyjibxaxoB HcnoAbsyiox xaK HasbrnaeMbie KBasHXpexMepH^b 
noxoKH. npK xaKOM noAxoAe xpexMepnaa saAaqa paaÖHBaexcH Ha abc 
AB yMepHbie: onpeAOJieHHe ocecHMMexpnqHbix noBepxHocxeH TOKa m. 
pacqex pemexoK npo^iHJieft paöoqero KOJieca na ocecHMMexpHHHb 
BepxHOCXHX xoKa B CAoe nepeMCHHOH xoAiuHHbi H onpeAOJieHHe (pop 
noBepxHOCXH xoKa ^26 KanaAe paöoqero Koaeca. 
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PHÄpoMexaHHHecKHe cxcmli pacnera noxoKa h JionacxHbix CHCxeM, 
BJiHHHHe jionacxeii paöoqero KOJieca na noxoK, nepe^a^ya sHepran no- 
TOKa paöoycMy KOJiecy ocHOBanH, b yacxHOCXH, Ha bohbxhhx aaBHxpcH- 
HOCXH H UHpKyJIflUHH HOXOKa. TaK, HanpHMep, B XHApOÄHHaMHyeCKHX 
MexoAax pacqexa (cm. § 16) JionacxH pa6oyero Kojieca h hx BosAeficxBHe 
Ha noxoK paccMaxpHBaiox Kax CHcxcMy «npHCoeÄHHCHHHx» BHxpeBux 
jiHHHH, oõpasyiomHX BpamaiomHecH BHxpeBwe cjioh. BHxpeBan cxeMa, 
HcnojibsyeMaH npH paccMoxpeHHH noxoKa b peaKXHBHbix rH;tpoxyp6H- 
Hax, MOJKex 6bixb npoHJiJiiocxpHpoBaHa na npHMepe oceBofi (pHC. 30, a) 
H paÄHajibHO-oceBOH (pHC. 30, 6) XHÄpoxypÖHH. IIoxok, npoHÄH chh- 
pajibHyio KaMepy h HanpasjiHioiHHH annapax, xapaKxepasyexcH onpe- 
ÄCJieHHOH BejiHHHHOH MOMBHxa CKopocxH (our)^. Oojiaraiox, yxo UHpKy- 
jisiUMsi Fq = 2jt (vur)o coxpaHHex cbok) BejiHyHHy b noxoKe Mexcny wa- 
npaBJiHK)in.HM annapaxoM h paöoyHM KOJiecoM: F© = F^, x. e. (tV‘)o = 
== OcHOBHoe HasHaqeHHe paöoqero KOJieca cocxohx b npeoOpaso- 

BaHHH MOMCHxa KOJiHqccxBa ÄBHJKeHHH (üur)i nocxynaiomero Ha Hero no 
TOKa B MexaHHqecKyio SHepxHio na Bajiy xypÖHHbi. FIoaxoMy- na BbixoÄC 
H3 paöoqero KOJieca äJih oöecneqeHHH bhcokofo KFIZl rH;ipoxyp6HHbi 
UHpKyJlHUHH Fg ilOJIHtHa HMeXb HeÖOJIblUyK) BeJlHHHHy HJIH paBHHTbCB 
Hy^H). Pa3H0cxb HHpKyjiHUHH Fj — Fa Ha BXOÄG H BbixoAc H3 paGo- 
qero KOJieca pacnaÄaexca na HHpKyjisiHHH Fj, BOKpyr Kani^oö jionacxH: 
FjjZ = Fi — F 2 , r^e z — hhcjio JionacxeH. 

C ÄPyrOH CXOpOHH, UHpKyJIHUHK) BOKpyX JionacxH Fj, MOÄHO npCÄ- 
craBHXb KaK peayjibxax BOBÄeficTBHH Ha noxoK npHCoe^HHeHHHX bhx- 
pefi, pacnojiOÄCHHHX na Jionacxn: 

2 

Tji = J T (s) ds, 

1 

r^e y (s) — yÄCJibHaa hjioxhocxb BHxpeö, pasMemeHHbix na CKejiexax 
npo^iHJiefi jionacxH; ds — ajieMCHx CKCJiexa npo(})HJifl. 

ÕpKCoeAHHeHHbie BKxpn HHÄyUHpyiox CKopocxH B xoqKax noxoKa; 
öyÄyqH cjiojKCHHbiMH co CKOpocxHMH HeB03MymeHHoro HOXOKa, OHH xa- 
paKxepHsyiox pesyjibXHpyiomHe CKOpocxH b Kanajiax paGoqero Ko.neca. 
ripoeKXHpoBaHHe Jionacxefi paöoqero KOJieca h jionaxoK HanpaBJiHio- 
mero annapaxa ocymecxBJiaexcH npH homoihh mcxoäob pacqexa peme- 

XOK HpOljlHJieH B nOXCHHHaJIbHOM HJIH BHXpeBOM HOXOKaX C HCHOJIbSO- 
BaHHCM paCCMOXpCHHOK XHÄpOAHHaMHqeCKOH CXeMbI nOXOKa B npo- 
xoqHOH qacxH. 

B xeopKH XHÄpoxypÖHH uiHpOKoe HpHMCHeHHe noJiyqHjia rHnoxeaa 
0 ABHHceHHH qacxHU ähäkocxh BÄOJib noBepXHOCxefi xoKa, npe^cxaB- 
JIH 10 LU.HX coöoH noBepxHOCXH BpameHHH. TaKoe AonymeHHC ÄOCxaxoqHO 
oõocHOBaHo, xaK KaK xpaHHqHbie KOHxypu HanpaBJiHiomero annapaxa, 
paöoqero KOJieca h bxoähoh ÄH(|xJ)y3op HSoxHyxofi oxcacbmaiomeH 
xpyöbi npcÄCxaBJiHiox coöoh noBepxHOCxH BpameHHH (pnc. 31). A6co- 
jiioxHbiH noxoK Ha bhxoäc h 3 HanpaBJiHiomero annapaxa mojkho HCKyc- 
cxBeHHo paajiojKHXb na ÄBa coexaBJiHiomHX noxoKa; JuepuduoHOAtHbiä 


notnoKy xapaKxepHsyioiHHH flBHXceHHe b MepriÄHOHäJibHÖfi nJfocKOCTHv 
npoxoÄHmeH qepea ocb BpameHHH xypÖHHbi; tiupKyAHt{uoHHbiü nomoK, 
xapaKxepnayiomHH BpameHHe qacxnn jkhäkocxh BOKpyr och XHÄpoxyp^ 
ÖHHbi (pHC. 31). BeKxopbi cKopocxH MepHÄHOHajibHoro noxoKa pae- 
noJiOÄGHH B MepHÄHOHajibHOH HjiocKocxH H npeÄCxaBJiHKTT COÖOH pac- 
xo^Hyio cocxaBJiHiomyK) aöcojiioxHbix cKopocxeö noxoKa. JIhhhh xoKa- 



Phc. 31. AöcojiiOTHbiH noTOK B nojiocTH paÄHajibHo-oceBOH rHÄpoxypÖHHBi: 
a — uepHAHOHavibHaH npoeKuna nojiocXH tj^hhh; 6 — cxeMa pasjioÄeHHH aöcojiioTHofi CKopocxB. 

^CTHi;bI ÄHÄKOCTH. 

MepH^HOHajibHoro noxoKa oöpasyioxcH b peayjibxaxe nepeceqeHHH no- 
BepxHocxefi xoKa paAHajibHofi njiocKocxbio. OoBepHyB MepH^HOHajib- 
Hyio njiocKocxb c pacnoJiojKeHHbiMH b Hen jihhhhmh xoKa Ha 360° BOKpyr 
OCH THApoxypÖHHH, HOJiyqaiox ocecHMMexpnqHbie noBepxHocxK xoKa. 
Ll,HpKyJIHHHOHHbIH DOXOK K erO CKOpOCXH HBJIHIOXCH OKpyJKHblMH 
cocxaBJiHiomHMH aöcojiioxHbix CKopocxeH qacxHU Ha ocecHMMexpHqHHX 
noBepXHOcxHX xoKa. TaKHM oöpaaoM, BeKxop aöcoJiioxHOH CKopocxH= 
ÄHäKOCXH B KaKOH-JIHÖO XOHKe HOXOKa 

Vu. (17) 

CjieAOBaxejibHO, aasana onpeAejieHHH aöcoJiioxHoro noxoKa qepes 
npoxoqnyio qacxb rHÄpoxypÖHHbi pasAejinexcH na abc; nocxpoeHHe 
MepHAHOHajibHoro noxoKa h onpeAeJieHHe OKpyncHbix cocxaBJiHiomHX 
CKopocxeft noxoKa. BjiaroAapH npHHHxoMy AonymeHHio o ahkh^chkh 
qacxHU BAOAb ocecHMMexpHqHbix noBepXHOCxeö xoKa npeACxaBAnexcH 
BOSMomHbiM npH onpeAeACHHbix ycAOBHHX paccqHxaxb (hah saAaxb) 
MCpHAHOHaAbHblHTH nHpKyAHUHOHHblH nOXOKH OXÄCJIbHO. SaTCM COCXaB- 
AHiomHe noTOKH HaKAaAbiBaiox Apyr Ha Apyra. 
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ÄõcojiioTHafl CKOPOCTB qacTHUbi ähäkocth B paecMaTpHBaeMOH ToqKe 
j)a6oqero KOJieca Moatex öbixb onpeÄeJiena ne xojibKO npH noMoiUH co- 
cxaBJifliomHXü^Ht;^, HO xaKHce nyxeM BeKxopnoro cjiOHceHHH oxhoch- 
TejibHOH H nepcHOCHofi CKopocxefl qacxHUbi: 

v = w-\-u. (1^) 


/leHCXBHxejibHO, B paöoqcM KOJiece qacxHUH hchäkocxh ÄBHMcyxcfl 
BÄOJib ero jionacxHMX KanajiOB h b xo äc BpeMB BpamaioxcH BMecxe c 
«HM (pHC. 32). 





Phc. 32. IlocTpoeHHe jihhhh toks h xpeyrojibHHKOB cKopocTeS: 
a — oceBas rHÄPOTypöHHa; 6 — paflHajibHO-oceBaH rHAPOTypöHHa. 



OTHOciixejibHbie cKopocxH qacTHU w xapaKxepHSyiOT hx ABHJKCHHe 
no OTHOineHHio k BpamaiomeHCfl BMecxe c paöoqHM kojiccom othoch- 
-rejibHOH cHCxcMe KoopÄHnax. C Äpyron cxopoHbi, aöcojiiOTHbie CKopocxH 
V noTOKa onncbiBaiOT ÄBHJKCHHe qacxHU xchäkocxh no oxHomeHHio k hc- 
nOÄBHJKHOMy HaÖJnoÄaxejiio (aöcoJiroxHaH cHCxeMa KOOpÄHHaT). 


§ 10. ypaBHeHHH ra^üpoMexaHHKH, npHMeHHeMBie 
B xeopHH THAPOTypÖHH 

B xeopHH XHÄpOXypÖHH B SaBHCHMOCXH OX nOCXaBJICHHOH SaflaqH 
npHMCHHKyr CJieÄyiOIHHe ypaBHCHHH XHApOMeXaHHKH HJIH hx KOMOHHa- 
U.HH: ypaBHCHHe nepaspHBHOcxH, ypaSHeHHC ABHJKeHHH, ypaBHCHHe 
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SHcpr-HH,' xeopCMy o6 HSMeHeHHH KOJiHqecxBa ij^eopeMy .oo- 

HSMeHeHHH MOMCHXa KOJIHqeCXBa ÄBHXiCHHH. 

BcKxopHaq (J)opMa ypaBHCHHH XHÄpoMexaHHKH y^oöna npH xeOpe- 
xHqecKOM HCCJiCÄOBaHHH noxoKa;' oähbko äjih BHnojineHHH npaKxnqe- 
CKHX pacqexoB Jiioöoe ypaBHeHHe ^OJiniHO ÖLixb npeÄCxaBJieno b cKaJinp- 
HOH 4)opMe H cooxBCXCXByiomeH cHCxcMc KoopÄHHax [5; 7; 21; 24; 28J. 

B xeopHH xypöoMauiHH HaHÖoJibinee npHMeHCHKe HaxoÄ«x KpHBO- 
jiHHeHHaH opxoroHajibHaH (pHC. 29) h UHJiHHÄpHqecKaa (pHC. 31) chc- 
xeMbi KOOpÄHHaX. 

VpaBHCHHe HcpaapwBHOcxH b bckxophoh 4x)pMe HecjKHMacMoro 
noxoKa HMeex bhä 

clivü = V*ü = 0; (19)' 

B npOCKUHHX Ha OCH UHJIHH^pHqeCKOH CHCXCMbl KOOp^HHaT 

^ , fV ==0; (20> 

\JM w \J yj 

B KpHBOJIHHeHHOH OpXOFOHaJIbHOH CHCXCMe KOOp^HHaX 

(//.Ha) + 4 ^ («= 0, (21) 

XÄe Hx, Hz, 7/3—K03(J)(J)HUHeHXbi JIhms. 

ypaBHCHHe HepaspbiBHOcxH HBJiaexcfl qacxHbiM cjiyqaeM aaKona 
coxpaneHHH Maccbi. Oho HcnoJibsyexcH npH onpe^e^ieHKH (J)opMbi no- 
BepxHOCxcH xoKa H SHaqeHHH CKOpocxen b hoxokc, a xaKHce npn peme- 
HHH ÄpyrHX aaÄaq. 

ypaBHeHHe äbhächhh äJih noxoKa HeaasKOH h<häkocxh obuio no- 

jiyqeHO Jl. SfijiepoMi 


I .-T , - dv 

VP + 


( 22 > 


1 dv „ 

r^e — VP — yÄeJibHaa noBepXHOCXHan CHJia ^iaBJieHHa; ^ — yÄCjibHaa 

HHepuHOHHaH CHJia (ycKopeHHe), AeHcxByKDUiaa na paccMaxpHBacMyio 

qacxHuy ÄHjtKOCxn; g — ycKopeHHe chjih xhjkccxh. 

B pHJiHHApHqecKOH CHCxcMe KoopÄHHax 9X0 ypaBHeHHe hmcct 

xaKOH bhä: 

p dr dt T ’ 

, W. (23> 

p rdd dt ^ * I 


p dz ^ 


TaKHM oöpaaoM, ypaeHBHue deuMenuH ebipaotccLetTi coõofo ycAoeue 
paeHoeecuR cuä, deücmeytouyix na Atoõyto Hacmui^y nomoKa e awõoü 
MOM eum epeueHU. 


51 


JXnsi cJiytiaH HeycTaHOBHBUierocH BHXpeBoro noTOKa bhskoh 
ÄHÄKOCTH npHMeHflexcH ypaBHeHHe äbhächhh Jlauõa ä;ih cähhkuu 
-M accbi ähäkocth: 

^ + V + y) “ ^ ^ (V X ^) + /. ( 24) 

r^e / — yÄeJibHan CHJia TpeHHH, onpeÄeJiBeMan äJih JiaMHHapHoro hjih 
xypöyjieHTHoro noTOKa. 

ycTaHOBHBUierocH noxoKa hcbhskoh ähäkocxh ypaBHCHHe (24) 
iipHHHMaex bhä 

v(-^+žr2 + T) (V X v). (25) 

ypaBHCHHe ÄBHHiCHHH TpOMCKO — JlaMÕa B CHCXCMaX KOOpÄHHaX 
tBbipaxcaeTCH cjicAyiomHM oöpasoM: 

B UHJIHHÄpHqeCKOH CHCXCMC: 


__ö 

p dr dr 

_L 

p rM rõQ 

õp 

p dz ^ 


(v^ \ õv 

(2'j "" är — 2züü); 

/y2 \ dv,, 

( 2 )=*ar + ( 2 .t'.- 2 Ä); • 

d fv^ \ 


(26) 


B KpHBOJIHHCHHOÖ CHCXCMC RJia OCCCHMMCXpHqHOrO ycxaHOBHBuieroCH 
•noxoKa: 


l d V 


J öp . ) 


^2^1-^1^2 ~ 0> i 

1 Ö \ õp \ 

U" ä- -fr + ^3-^^3^1 =-F7- 5^- - 

H^dq^2 ' 13 3 1 pH^dq^ j 


^ 2^1 -^ 1^2 — Oj 


Bnxpb aõcojiioxHoro noxoKa ü h ero komhohchxh, BXOÄHiii.He b ypaB- 
HCHKH (26 H 27), B UHJIHH;i.pHqeCKHX H KpKBOJIHHCHHblX KOOpÄHHaxaX 
«onpeji,eji 5 iioxcH npn homoihh BbipaxceHHH: 


2 = rot u = V X ü; 

Q _ õv^ dvu . 

^ rõQ dz ’ 

Q — ^ • 

“ dz dr ’ 

Q _ J Idiü^r) Öüj 

~ r [ dr ae J \ 
p ^ 1 dHsüs . 

^1 ö <72 ’ 

p _ 1 ( dHgVz dHiVi\ . 

“'3 H^H 2 \ dq^ dq^ j ' 

p ^ 1 

2 H^Hs dq^ • ; 


(28) 

(29) 

(30) 
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5 ypäBHeHHC BHCprHH HBJIHCXCH MaXCMaXHqCCKHM BblpaJKCHHCM 3a- 
KOHa COXpaHCHHfl SHCprHH. Hs ypaBHGHHH ÄBHHCCHHH CJICÄyeX, qxo 
HHCpuHOHHaH CHJia, ÄeficxByiomafl na ÄBHÄymyKKH b hoxokc qacxHuy 
ÄHÄKOCXH, ÄOJIÄHa ÖMXb ypaBHOBCUICHa npHJIOHCCHHblMH K HCH BHCUI- 
HHMH CHJiaMH. Hsbccxho, qxo paöoxa chji, ÄCHcxByicaHHx Ha qacxHuy, 
ÄBHHcymyiocfl BÄOJib JiHHHH xoKa, paBHa CKajinpHOMy npoHSBCÄeHHio 
BCKxopa peayjibXHpyiömeH chjih h BCKxopa nepCMemeHHH. Oie^oBa- 
TCJibHo, ypaBHCHHc sHcprHH nojiyqaexcH h 3 ypaBHCHHH äbhächhh 
nyxcM yMHOÄCHHH ero qjicHOB Ha nepcMcmcHHe qacxHUbi vdt. 

B cjiyqae BHxpCBoro noxoKa HccÄHMacMofi bhskoh hchäkocth äjih 
qaCXHHbl JKHÄKOCXH, ÄBHHCymCHCH B^OJIb JIHHHH XOKa, ypaBHCHHC SHCp- 
rHH nojiyqaioT h 3 BbipaÄCHHH (24) 

- — -{-vdt • v(~ + gz + ^^=vdt>[v X (V X ü)] -\-vdt • f. (31) 
üocjie npeoöpasoBaHHH ypaBHCHHe npHHHMaex bh” 

l^ig)dl + d'[!L + gz + ’^)--vdt.f^O 

(d' osHaqaex, qxo ÄH44^P®*i^BpoBaHHc BbinojiHHexcH bäojib jihhhh xoKa). 

ZI.JIH ycxaHOBHBincrocH äbhjkchhh qacxKiibi jkhäkocxh bäojib jihhhh 
TOK a B BHXpCBOM HCBHSKOM HOXOKC ypaBHCHHC SHCprHH HMCCX BHÄ 

d'(f+ g2 + ^) = 0. (32) 

B peayjibxaxe HHxerpHpoBaHHH ypaBHCHHH (32) nojiyqaiox 

— H — const. (33) 

ypaBHCHHe (33) npcÄcxaBJiHCx co 6 oh HHxerpaji JX. BepHyjiJiH äJih 
aöcoJiioxHoro noxoKa. 

ycxaHOBJiCHo, qxo sneprHH qacxHu; b BHxpcBOM hoxokc Ha pasjinq- 
HblX JIHHHHX XOKa HCO^HHaKOBa, a B nOXCHHHaJIbHOM HOXOKC (Q == 0) — 
OÄHHaKOBa. 

npHBCÄeHHbie ypaBHCHHH HCpaapblBHOCXH, ÄBHJKCHHH H SHCprHH 
npHMCHHMbl ÄJIH aÖCOJIiOTHbIX HOXOKOB, XapaKXCpHSyCMblX HCnpepblB- 
HbiMH, OÄH03HaqHbiMH H ÄH(})4)epeHi];HpyeMbiMH 4)yHKHHHMH, Ohh Moryx 
6bixb Hcnojib30BaHbi A^rtH HccjiCAOBaHHH noxoKa B öesjionacxHbix sjie- 
MCHxax npoxoqnoH qacxH rHupoxypÖHHbi. 

TeOpCMbl o5 HSMeHCHHH KOJIHHeCTBa ABHXCCHHH H MOMCHXa KOJlHqe- 
cTBa äbmjkchhh HOxoKa HaxoflHx npaMCHCHHC npH onpeaejiCHHH pe3yjib- 
XHpyiOIUHX CHJI H MOMCHXOB, ÄCHCXByiOmHX CO CXOpOHbl HOXOKa HH SJIC- 
MCHXbi HpoxoqHOH qacxH. i^xoöbi onpe/icjiHTb chjibi, neficxByiomHe co 
CXOpOHbl HoxoKa Ha jionaxKH HanpaBjiHioiHero annapaxa hjih jionacxH 
paõoqero KOJieca, Aocxaxoqno 3Haxb rpaHHqHbie ycjioBHH b hoxokc Ha 
BXO^e H BblXOÄC H3 HHX. TcOpCMa o6 HSMCHCHHH KOJIHqCCXBa äBHJKCHHH 
paccMaxpHBacMoro oÖbCMa ähäkocxh oöbCÄHHHCx ypaBHCHHH Hcpaa- 
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pbIBHOCTH, H Ä-BHiKeHHH; TeopeMB o 6 HSMeHeHHH MOMeHTB KOJIB^ieCTBa 
äbhächhh — ypaBHeHHH HcpaapwBHocTH H sneprHH. 

ynoMflHyTHe xeopeMbi naxoAHT npHMeHCHHe npH onpeAeJieHHH 
CHJibi, c KOTOpOH ÄeflcTByer botok na jionacxb paöoqero KOineca; no- 
xepb SHcprHH b npHMOJiHHeHHOH pemexKe npcxJjHJiefl; chji, ÄeöcTByio- 
iHHX Ha sjieMeHTH noÄBOÄHUiHX H otboähiiihx boäoboäob (KOJiena, koh- 
(pysopbi H ap.); MOMeHxa, aeficxByiomero na paöoqee KOJieco xHapoxyp- 

ÖHHbl. 


§ 11. OcHOBHbie ypaBHCHHH aöcoJUOTHoro 

H OTHOCHXeJIbHOrO nOTOKOB 
B npOTOHHOfi HaCTH rHÄpOTypÖHH 

ypaBHeHHH HepaapbIBHOCXH (19), aBHÄCHHH (22), (24) H SHepXHH 
(31), BUBeaeHHbie b aöcojiioxHOH cHCxeMe KOopaHHax, npHMenHMH 
noxoKOB B rHapoMauiHHax, xapaKxepHsyeMbix HenpepuBHbiMH h oano- 
anaHHbiMH 4)yHKH,HHMH. OieaoBaxejibHo, a-nn HccaeaoBaHHH noxoKa 
B paöoHeM KOJiece g KoneHHbiM hhchom aonacxeö, Koxopwe BbisbiBaiox 
paapbiBbinojieS CKopocxefi h asBJiCHHH, ohh b xhkoh (J)opMe nenpHMeHH- 
Mbi. B 3X0M cjiynae aaBJieHHe h oxHocHxejibHbie CKopocxH neoaHHaKOBbi 

no yrjioBOH niHpHHe jionacxHbix 
KanaaoB, xaK kbk xoabKO npH na- 

aHHHH nepenaaa aaBaeHHH Ha 
aonacxHX bosmojkho cnaoBoe Bsa- 
HMoaencxBHe h nepeaana sneprHH 
noxoKa paöoqeMy KOJiecy. 

Ecjih aaHcenpeanoao>KHXb, nxo 
oxHocHxejibHbiH noxoK B Kanaaax 
paöonero Koaeca ycxaHOBHBuiHHCH 
(x. e. npeneöpenb BJiHHHHeM ko- 
HCHHoro HHcaa aonaxoK nanpaB- 
aniouiero annapaxa h maroBOH 
HepaBHOMepHocxbK) noxoKa nepea 
paöoHHM KoaecoM), xo aöcoaiox- 
HbiH noTOK B paöoneM Koaece h 
H a Bbixoae H3 Hero Bce 7 Ke 6yaex 
HeycxaHOBHBiiiHMCH. Mxo 6 h y6e- 
aHXbCH B 3TOM, paCCMOXpHM HOTOK HenOCpeaCXBeHHO Ha Bbixoae H3 
paöonero Koaeca. AöcoaroxHan cKopocxb noxoKa b xonKe P, 3a(pHK- 
CHpOBaHHOH B aÖCOaKDXHOH GHCXeMe KOOpaHHaX, HSMeHHeXCH BO 
BpeMGHH KaK no BejiHHHHe, xaK H no HanpaBaeHHio, nxo cjieayex h 3 pac- 
CMoxpeHHH xpeyroabHHKOB cKopocxeö, nocxpoeHHbix aJin nacxnn jKHa- 
KOCXH ly 2 y 3 y 4 , 5 y BocHeaoBaTCJ!bHo npoxoaHui.HX npH BpameHHH pa- 
öonero Koaeca nepea xonxy P (pHC. 33). 

npH paccMoxpeHHH aöcojiioxHoro noxoKa BHyxpH paöonero KO.rieca 
npHXOaHMKBbIBOay, nXO(|)yHKUHH CKOpOCXH H aaBJieHHH XGpHHX pa3pbIB, 
xaK KaK npH npoxoHcacHHH xejia aonacxH nepea xobkh / h 5, aacpHKCH- 
poBaHHbie B aöcojiioxHOH CHCxeMe KOOpanHax, CKopocxH h aaBJieHHH 



I 


B HHX H3MeHHK)xcH paapbiBHo. OosxoMy HccaeaoBaHHe noxoKa b Kana- 
jiax paöonero Koaeca c KOHCnHbiM hhcjiom aonacTefi cjieayex npoBoaHXb 
xojibKO B oxHocHxejibHOH CHcxeMG KoopaHHax, BpamaioHieHCH BMecxe 
c paõonHM KOJiecoM. 

AõcojiioxHbiH noxoK B HenoaBMKHbix ajieMCHxax npoxonHOH nacxH 
17; 281. noxoK b cnHpajibHofi KaMepe, HanpaBaniomeM annapaxe, b sa- 
3ope Me>Kay HanpaBaniouiHM annapaxoM h paõonHM kojiccom h b oxca- 
cbiBaiomeH xpyõe npHHHMaiox nomeHi^uaAbHbiM hjih euxpeebiM {euumo- 
€bLM) B aOnOJIHeHHC K paHOC npHHHXblM aonyUXeHHHM (HeBH3KHH, oce- 
CHMMexpHnHblH H yCXaHOBHBUIHHCH HOXOK). 

noxeHUHajibKbiH(Q = VXü== 0 ) y cxaHOBH bui h hch 
noxoK = ypaBHCHHC HepaapbiBHocxH sanncbiBaioT b 4)opMe 
ypaBHeHHH Jlanjiaca: 


a^q) d\ a^<p 1 a(p ^ 

dr^ rae^ ■ az® r dr ~ ’ 


r 34 ^ 


\-/ 


rae q) — noxeHHHajibHan (J)yHKUHH noxoKa. 

ypaBHeHHe aneprHH (31) npH axoM ynpomaexcn: 

v(f + ^+^)= 0 . 


öxKyaa caeayex, nxo aneprHH noxoKa nocxoHHna 

2 2 

+ + ^ = ^ = const, (35) 

PaccMaxpHBan BbipaxceHHe (29) a*^H KOMnonenxoB BHxpH (uHJiHHa- 
pHnecKaH CHcxeMa Koopannax) npHMeHHxeabHO k ocecHMMexpHnHOMy 
noTeHUHajibHOMy noxoKy, noaynaiox: 


2 . 

2 ^ : 


dvu 


dz 

d M 


dr 


= 0, X. e. 
= 0, X. e. 


a (üur) 


dz 

d (Vgr) 
dr 


= 0 ; 
= 0 . 


Hs ycjiOBHH oceBOH CHMMexpHK noTOKa = O) cjieayex, nxo 

= 0. TaKHM oõpaaoM: 

«^ö/- + ^rrfe + ^& = rf(v)=0. (36) 

CjieaoBaxejibHO, MOMenx CKOpocxH b noxeHunajibHOM noxoKe bcjih- 
nHHa nocxoHHHan; 

VuT = const. 

Bhhxoboh noxoK. 3x0 nacxHbiH cjiynaft HeBH3Koro BHxpe- 
Boro noTOKa, b KoxopoM BHnojiHnexcH ycjioBne ü H Q (BHxpeBue 
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' jaHHHH coBnaÄaioT c jihhhhmh TOKa)i B 3töm cjiy^ae npaBaa qacTb ypae- 
HeHHH ÄBHÄeHHH JlaMÖa (24) paBHa nyjJio.TaK KaK vxQ = 0. TaKHM 
oöpasoM, aneprHH BHHTOBoro noTOKa nocroHHHa. 

IloTOK B paCoHCM KOJicce [5; 7; 9; 24; 281. Tan KaK ÄeHCTBHTe/ibHtiö 
aöcojuoTHHH noTOK B paöoqeM KOJiece TpexMepHbifi h HeycxaHOBHBUiHH- 
CB, ero TeopeiHqecKoe HCCJieAOBaHHe CBHsaHO c öojibuiHMH MaxeMaTH- 
qecKHMH TpyAHOCTBMH. X(jiH ynpomcHHH MaTCMaTHqecKOÖ nocranoBKH 
TaKoii sa^aBH h ee pemeHHH npH noMOiuH coBpeMCHHbix Mero^oB h bbi- 
qHCJiHxejibHOH xexHHKH neoöxoÄHMO nepefixH ox ypaBHeHHH, onHCbi- 
BaiOmHX XpeXMepHblH H HeyCXaHOBHBUIHHCH nOXOK, K ypaBHCHHHM oce- 
CHMMexpHqHoro noxoKa. Cae^eHHe xpexMepHOH sa^a^H k ÄByM ÄBVMep- 
HbiM nepBOHaqajibHo saKJiioqajiocb b xom, qxo b hcxoähbix ypaBneHHBX 
THÄpOÄHHaMHKH THApOMaUIHH npOHSBO^Hbie CKOpOCXH H ÄaBJieHHfl HO 

OKpyxiHOH KoopÄHHaxe 9'3 = 9 npnpaBHHBajiHCb nyjiio. F. Jlopenu 
npeAJiOÄHJi rmioxeay o HajiHqHH b paöoqeM KOJiece öecKOHeqno öojib- 
moro qHCJia õecKOHeqno xohkhx Jionacxefi ž = oo, qxo nosBOJiHjio 
nepefixH k paccMOXpeHHio öojiee npocxoro ocecHMMexpHqnoro noxoKa 
B paõoqeM KOJiece. BaaMen öecKOHeqno Majibix nepena^oB AaBJieHHH 
B OKpyJKHOM HanpaBJieHHH oh BSeJI MaCCOBUe CHJIBI BOSAeHCXBHH JIO- 
nacxefi na noxoK. 

ripH pacqexe npHMbix pemexoK oceBux paöoqHX KOJiec Hyjiio npH- 
paBHHBaioxcH npoHSBOÄHbie cKopocxH H ÄaBJieHHH no paÄHycy, t. e, 
no HopMaJiH K MepHÄHonajibHbiM jihhhhm noxoKa (rnnoxeaa uhjihhäPh- 
qecKHX ceqeHHH, npeA^oHceHHan H. E. )KyKOBCKHM). 

HaqHHafl c 50-x foäob XX b. pHÄ aBxopoB [24; 28] BbinojiHHJiH 
ocpe^iHeHHe oöihhx ypaBHeHHH rHÄpoÄHHaMHKH no mary pemexKH h no 
BpeMeHH. ripH ocpeÄHeHHH noxoKa nyjibcannoHHbie qjienbi, >^HXbiBaio- 
mne HecxanHonapHocxb noxoKa, öbiJiH oxöpomeHH, a b ypaBHeHHBX 
ÄBHJKeHHH OCeCHMMexpHHHOrO nOXOKa ÖblJIH BEe^eHH AOnacmHbie CUAbl^ 
pacnpeAOJieHHbie paBHOMepHO bo bcom noxoKC qepes xHnoxexHqecKyio 
jionacxnyK) CHcxeMy, B xhkoh nocxanoBKe aöcojiioxHbiH h oxHOCHxejib- 
HblH nOXOKH B paÖOMeM KOJiece MOKHOCHHXaXb OCeCHMMexpHHHblMH. TaK 
KaK npH xaKOM /lonymeHHH paspbiBOB b (JiyHKiXHax noxoKa Hex, äjih ero 
Hccjie;i,oBanHa npHMeHHMbi noJiyqeHHbie panee ypaBHeHHH aöcojiioxHoro 


noxoKa. 

ypaBHeHHH ii,BH>KeHHH ocecHMMexpHHHoro noxoKa B Kanajiax pa- 
öonero KOJieca b (JiopMe, npe^ao^KeHHOH F. JIopeHuoM, hmciox cjieÄyK)- 
m,HH BHÄ (UHJIHHÄpHHeCKaH CHCXBMa KoopÄHHax); 



TJifi Fr, Fu, Fz — npoeKHHH JIOnaCXHbIX CHJI Fh na OCH UHJIHHflpHHeCKOH 
CHGXeMU KOOpÄHHaX r, tt, z. 
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B oõmeM bhäc ypaBneHHe ÄBHmeHHH aõcojiioxHoro HeBHSKoro no- 
xoKa B paöoqeM KOJiece npn z = oo nojiyqaiox hs ypaBHeHHH (24) nyxew 
ÄOÖaBJieHHH jionacxHbix chji: 

^ + v{|- + g2 + T) = ^''+’'’^<'^=^^^- 

B KpHBOJIHHeHHOH OpXOFOHajIbHOH CHCXeMe KOOpÄHHHX ypaBHeHHH 
ÄBH>KeHHH B (|)opMe FpoMeKO — JlaMÖa aanHCbiBaioxcH xan: 


r> o _ 17 . 

l/2äSi-^1^2 3» 


1 õp . 
pHi dQi ’ 

1 õp 
WIW 2 ' J 


rm Fi, F2, Fs —npoeKHHH jionacxHofi chjih Fj, Ha och KoopAHHax Qi, 
^ 2 > < 73 - 

OxHOCHxejibHoe ÄBHHceHHe jkhäkocxh b jionacxHMX Kanajiax Bpa- 
maiomerocH paöoqero KOJieca mojkho npeÄCxaBHXb kbk ÄBH>KeHHe oxho- 
cHxejibHO ocxaHOBJieHHoro KOJieca, KoxopoMy cooöihhjih npoxHBOBpa- 
meHHe c yrJioBOH CKopocxbio — õ). CKopocxb noxoKa b oKpy>KHOM na- 
npaBJieHKH npH sxom HSMeHHxcH Ha BejinqHHy — reo. Hs paccMoxpe- 
HHH TpeyroJibHHKa CKOpocxefl b jiioöoh xoqne noxoKa qepes paöoqee 
KOJieco (pHC. 32) nojiyqaeM cooxHomeHHH MejKAy KOMnoHenxaMH cko- 
pocxefl aöcojiioxHoro h oxHOCHxejibHoro hoxokob: < 

Wm = Vm', Wr = V/, Wz =. Vz', Wu=Vu — TO). (40) 


OepeHHeM k paccMOxpeHHio ochobhhx ypaBHeHHH noxoKa b oxhoch- 
xejibHOH CHCxeMe KoopAHHax (r, u, z), Koxopaa BpamaexcH BMeexe c pa- 
õoqHM KOJiecoM c xoH >Ke yrjiOBOH cKopocxbio o). 

VpaBHCHHe HepaspbiBHOcxH noxoKa: 

B BeKXOpHOH cJlOpMe 


B CKaJIHpHOH (JlOpMe (UHJIHHÄpHqeCKaH CHCXeMa KOOpHHHax) 


dWr , dWu , dWz <^r _ 

dr rdep dz ' r 


(42) 


(p — yroji oxcqexa bo BpamaioineHCH cmcxcmc KoopAHHax. 

Mencny yrjiaMH oxcqexa 6 b aöcojiioxHOH h tp — bo BpamaiomeHCH 
cHcxeMax koopähhsx cymecxByex saBHCHMOcxb G = tp + eoF 

B KpHBOJIHHeHHOH OpXOrOHajIbHOH CHCXCMe KOOpAHHaX Ä*^H noBepx- 
HocxH xoKa ^2 = const — v,^\ = 0; — v^^ — u) ypaBneHHe 

HepaspbiBHOcxH npHHHMaex bhä 

= 0. (43) 
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JXjih ocecHMMexpHqHoro noxOKa = oj ypaBHeHHH ( 42 ) h 

( 43 ) yirpomaioxcH. 

ypaBHeHHe äBHäCHHH. nO^CXaBHB SaBHCHMOCXb ( 40 ) 
B ypaBHeHHH ÄBHHceHHH aöcojiioxHoro noxoKa ( 37 ) h bbihojihhb ÄH 4 ) 4 >e- 
peHUHpoBaHHe, nojiynaeM ypaBHCHHH ÄBHJKeHHH äjih oxHocHxejibHoro 
ocecHMMexpHHHoro noxoKa: 


1 dp 
p dr 

dwu J 


2Wu^ — 


- + 2Wrili\ 


X 

^ p dz 


r^e ra? — ueHxpocxpeMHxejibHoe ycKopeHHe; 2wj[i); 2w^(o — npoen- 
UHH ycKopeHHH KopHOJiHca Ha och r k u BpamaiomeHCH cHcxeMbi ko- 
opÄHHax. 

ycxanoBHM saBHCHMOcxH ueyajiy KOMnoneHxaMH BHXpefl aöcojiKyr- 
Horo H oxHOCHxejibHoro hoxokob. rioÄCxaBHB B ypaBHeHHe ( 29 ) aaBH- 
CHMOCXH ( 40 ), noJiyqHM BbipanceHHH KOMnoHenxoB BHXpH b oxHocHxejib’ 
HOM noxoKe: 



TäB ö/, öu, Qz — KOMHOHeHXbl BHXpH Q'= \/X W OXHOCHXCJIbHOrO 
noxoKa. 

Hs conocxaBJieHHH ypaBHeHHH (45) h (29) caeAyex, mxo: 

q; =2.; 

Qi = Q„; (46) 

2/ = Qz — 2(0. . 

OxHocHxejibHaH CKopocxb qacxHUbi paBHa: w — v — u — v — rw. 
Bnxpb oxHOCHxejibHOH CKOpocxH onpe^ejiHexcH npH noMomn Bbipance- 
HHH 

ö' = VXÕi = VX ü —V X (w X r) =ä —V X (w X r). (47) 

JXjifi pemexoK na KpHBOJiHHeHHbix noBepxHOcxHX xoKa (pannajibHo- 
oceBbie H ^tHaroHajibHbie paOonne KOJieca) nejiHHHHa r HSMeHHexca. OpH 
oöxeKaHHH xaKHx pemexoK noxeHUHajibHbiM aöcojiioxHbiM hoxokom 
"(Q = 0) HMeex Mecxo oxHocHxejibHoe BHXpeBoe xeneHHe. Beannnna 
saBHxpeHHocxH oxHocHxejibHoro noxoKa, corjiacHO (47), 

2'= —2w. (48) 
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TaKHM oöpaaoM, hoxokh b nenOÄBHJKHbix aaeMenxax npoxoqnoH 
qacxH B paöoqeM KOJiece npHHUHnnajibHO pasHbie. OxHocHxejibHbiH 
BHxpb B paöoqeM KOJiece BbisHBaex BpameHHejiacxHu jkhäkocxh b Ka- 
Hajiax paöoqero KOJieca c yrJioBOH cKopocxbio w, paBHoft no BejiHHHHe 
CKopocxH BpameHHfl paöoqero KOJieca, ho npoxHBonojioHCHoro nanpaB- 
jieHHH. JlonojiHHxejibHbiH noxoK B paöoqeM KOJiece, HHAyuHpyeMHH 
oxHOCHxejibHbiM BHxpeM, BaHHCx Ha pacnpeÄGJieHHe CKopocxefi h flaBJie- 
HHH Ha JionacxHx (pHc. 34 ). CxeneHb bjihhhhh oxHOCHxejibHoro BHxpn 
Ha noroK b Kanajiax paOoqero KOJieca saBHCHx ox xnna xHÄpoxypöHHbi. 
TaK, HanpHMep, b paÄHajibHo-oceBOH BbicoKOHanopHOH xypÖHHe 
(0 ^ 0 ) : ^ Qz; äJih ocenoH xHÄpoxypÖHHbi (p = 90 °) : = 0 . 



0 ö 

Phc. 34. OrHocHTejibHHÖ BHxpb b paConeM Ko;iece: 

a — MepHAHOHajibHaH npoeKitHH paöoTCro KOJieca; 6 — cxeMa KaHajioB pa6o«iero KOJieca b n/iaue. 


PaccMOxpHM ypaBHeHHe ÄBHx^eHHH oxHocHxejibHoro HeBH 3 Koro no- 
xoKa K BeKxopHofi HOJiyqeHHOH M. Banpa. 

HanecxHo, qxo: 

= ! + '’• Vf = | + v(^)-Sx(Vxr). ( 49 ) 

C ÄpyroH cxopoHbi, 3 X 0 Hte ycKOpeHHe mo>kho BbipasHXb qepes ycKO- 
peHHe oxHOCHxejibHoro h nepenocHoro ÄBHHcenHH 

+ + + 2 w X õ; + w X (w X r), ( 50 ) 

r^e ^ + w • ÄeficxByiomee Ha qacxHuy 

— — (w^\ 

JKHÄKOCXH B OXHOCHXeJIbHOM nOXOKO, npHHeM W • = V / — 

— õ;X(VXte^); 2 õ)X w — ycKopeHKe KopHOJiHca, ÄeHCXByiomee na 
qacxHuy npn ee BpameHHH BMecxe c oxHcxHxejibHoft chcxcmoh Koop^H- 

Hax; (0 X ((0 X r) = V (- ^1 — uenxpocxpeMHxejibHoe ycKOpeHHe, 

ÄBHCXByiomee na qacxHuy jkhäkocxh, HaxoÄHiAyK)CH Ha paccxoHHHH R 
ox OCH BpameHHH XHÄpOXypÖHHbl. 
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Flocjie noÄCxaHOBKH anaqeHHB ä na ypaBHeHHH (50) b ypaBHeHne 
ÄBHÄeHHfl (38) nojiyqHM ypaBHCHHe äbhjkchhh: 

ÄJiH ocecHMMerpHqHoro noTOKa 

(p + Y -+ 2öy Xü) + o; X (V X a>); (51) 

äJib noTOKa b paöo^eM Koaece c KoneqHbiM qncjioM jionacxefi 



co^ps 

2 


+ ^z) = 2oy X 0) + a; X (V X ay). (52) 




Phc. 35. BjiHHHHe ycKOpeHHH Kopao- 
JiHca Ha nepeaaqy sHepraH noTOKa 
paöoHCMy KOjiecy: 

ü. — MepHAHOHanbHa» npocKuHH pa^HajibHO- 
occBoro paöoqero KOJieca; 6 — pa;iHajibHbie 
^lonacTH; 0 — npKDCTpaHcTBeHHbie JionacTH; 
3 — np^Man pemeTKa oceBoro paöoqero 
Ko-ieca. 


OnsHqecKHH cMHca cocxaBaaiomHx aöcoJiioxHoro ycKopeHHH, 
cxByiomero Ha qacxHuy b noxoKe, saKJiioHaexcH b cjieAyiomeM. ^ 

ycKopeHHe qacxHUbi b HeycxaHOBHBUieMca oxHocHxejibHOM noxo- 
KC, KaK H B cjiyqae aöcojiioxHoro noxoKa, cocxohx h 3 jioKajibHoro 

— - T- 

H KOHBeKXHBHoro ycKopeHHH w • \/rW. Ecjih npeHeöpeqb nepaB- 

HOMepHocxbK) noxoKa nocjie HanpaBJiaiomero annapaxa, oxHocHxejibHbiH 
noTOK B paöoqcM KOJiece moäho paccMaxpHBaxb Kan ycxaHOBHBUJHHCH 

dpw 

H xor^a ~~ = 0. 

ycKopeHHC KopHOJiHca 2õ) X w, nepneHÄHKyjiHpHoe BCKTopaM 
õ) H (õ, oKasbiBaex cymecxBenHoe BJiHüHHe Ha npouecc nepe^aHH snep- 
rHH noxoKOM paöoHCMy KoJiecy (pHC. 35). O^na cocxaBjiHiomaH ycKO- 
peHHH KopHOJiHca ü)Xtö=iy-V(“ X?) EbisBana HSMeHeHneM Be- 
JIHHHHbl OKpyH<HOH CKOpOCXH qaCXHHbl npH ee ;i.BHH{eHHH BÄOJIb JIHHHH 
xoKa oxHocHxejibHoro ^BHaceHHa. JXJin oceBofi rHApoxypÖHHbi, r^e äbh- 
HceHFie noTOKa npeAHOJiaraexcn B^oJib uHJiHHAPHqecKHX noBepxHOcxefl 
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xoKa {r — const), axa cocxaBJiaiomafl paBHajiyjiio (pHc. 35, ^.jJIpyraa 
cocxaBjifliomaH ycKOpeHHH KopHOJiHca <üXüy = (<ö X?)V^ Bbi3BaHa 
H 3 MeHeHHeM CKopocxH w noxoKa B oKpyjKHOM HanpaBaeHHH bo Bpa- 
maiomeHCH oxHocHxejibHOH cHcxeMe KoopÄHHax. 

Mxoöbi npoHJiJiiocxpHpOBaxb BJiHHHHe ycKopeHHfl KopHOJiHca Ha 
npouecc nepe^aHH paöoqeMy KOJiecy sHeprHH noxoKa, paccMOxpHM ÄBa 
caynaa: jionacxH, pacnoJioiKeHHHe B MepHÄHOHajibHOH hjiockocxh (npH- 
Mep, paccMOxpeHHUH M. Baspa) ; npocxpancxBeHHbie /[onacxH. 

B nepBOM cjiynae (pHC. 35, 6) BeKxopbi w n HaxoAaxcn b MepH- 
;^HOHaJIbHOH hjiockocxh. IJ,eHxpocxpeMHxeabHoe ycKOpeHHetž^ X {wX.r) 
HanpaBJieHO no paAnycy k ogh BpameHHH pa6oHero KOJieca h xhkjkc 
J ie>KHX B MepHÄHOKaJIbHOH HJIOCKOCXH. _ _ 

TaK KaK BeKxop ycKOpeHHH KopHOJiHca 2 ö) X w, ÄeficxByiomero 
Ha qacxHuy ähäkocxh, nanpaBJieH b OKpyjKHOM HanpaBjieHHH, na /lo- 
nacxb ÄGHcxByex saeMenxapHoe oKpy>KHoe ycHJiae 

dFt = cim\2w xw\, (53) 

r^e dm = p — ^hds = ^ds — sjieMeHxapHaa Macca noxoKa. 

Momchx ghjih dFt 

(M = dFtRz = dm\^xw\Rz =zR^ds2iow sinp = tomsdiR% (54> 


FAe ms — —Sjzfey —MaccoBbiH pacxoA ^epe3 paöoqee KOJieco; 

z — qHCJio jionacxefi; S — xojimHHa jionacxH. 

Ecjih yroA P = 0, xo BeKxopbi wnto napajiJiejibHbi h nepeAana anep- 
rHH noxoKa paöoneMy KOJiecy HeB 03 M 0 JKHa. 

CyMMapHHH MOMeHx onpeACJiHiox b peayjibxaxe HHxerpnpoBaHHH^ 
ypaBHCHHH (54) Ha yqacxKe ox BXOAa ao BuxoAa h 3 paöoqero KOJieca. 
yACJibHaa paöoxa, coBepuiaeMas 1 /ca jkhakocxh npH ee ABHxceHHH qepea 


paöoqee KOJieco: 




~W 


co^p® 
_2 

2g * 


(55) 


CjieAOBaxejibHO, Aaace npH yexanoBKe hjiockhx jionacxefi BO3M0JKHa 
nepeAana SHepxHH noxoKa paöoqeMy KOJiecy. OpaKXHqecKH Hce A-^a o6e- 
cneqeHHH öojibmen 34)4)eKXHBHOcxH nepeAaqH snepruH noxoKa paöoqeMy 
KOJiecy (sa cnex yBejinqeHHH ycKopeHHH KopHOJiHca) AonacxH BbinoJi- 
H5HOX npOCXpaHCXBeHHOH (JXJpMbl. 

ypaBHCHHe anepXHH b oxHocHxejibHOM xpexMepnoM hoxokc jkha- 
KOcxH HOJiyqaiox h 3 ypaBHeHHH ABHHceHHH (52) nyxeM cKa^apHoro yM- 
HOHceHHH ero qjienoB Ha BejiHHHHy nepeMemeHHH drf^ =wdt qacxiiiibi 
BAOJib CBoero nyxH b oxHOCHxejibHOÖ cHcxeMC KoopAHHax: 


wdt- V/? K- + 


+ gz]=—wdt--^-~ 


— wdt • {2w X w) +wdt • {w X iv X J^)l' 


(56) 
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‘OpHHHMaM BO BHHMaHHe, *ITO: 


+¥-=¥+*■)■ 

wdt • (2ü) X w) = 0; 

wdf • (wx (V X ^’)} = 

BanHuiCM ypaBHCHHe sHeprHH (56) b ranoM BH^e: 

_ ^ . J* ( P X \ 

ÜJia ycTaHOBHBiuerocH HeBHSKoro noroKa -2 * 


,» I P , lü VJ IX I __1 

ÜJia ycTaHOBHBiuerocH HeBHSKoro noroKa d^ + "^-2 * — 

= 0, T. e. y^iejibHafl SHeprHH //p oxHocHTeJifaHoro noxoKa b paöo^ieM 
iKoJiece nocxo5iHHa: 

|. + “’_^ + gz = H« = const. (58) 

TaKHM oöpaaoM, yÄCJibHafl sneprHH qacxHixbi npn eeABHÄenHH b pa- 

'6o^ 0M KOJICCe BJiOJIb nOBepXHOCXH XOKa B OXHOCHXeJIbHOM nOXOKe H0 H3" 
■M0Hfl0xcH (nox0pHMH 3H0prHH np0He6p0ra0M); 

Pi _L ^ “i _ Pa r “^2 I Z _ 5 (59) 

“ + 2 ^ + 21 - 25-7 + 2 ^ + ^» 2g’ 

Tfl0 HH;i,0KCbi«!» H «2» osnaqaiox bxoä h bhxoä h 3 pa6o^0ro KOJi0ca. 

y^e^iBHaa 3H0prHyi (nanop) aöcojiioxHoro noxoKa jia bxoäb b pa6o- 
■q00 KOJI0CO H Ha BblXOÄB H3 H0rO paBHa CyMM0 3H0prHH OXHOCHX0;ibHOrO 
« n0p0HocHoro noxoKa na sxhx yqacxxax: 

“1 

= + (60) 
H2 = //r+^.. 

CjI0ÄOBaX0JIbHO, Hanop, HCnOJIb3y0MbIH paÕO^HM KOJI0COM, 

H — = ~ {Va^Ui — VuJU^). (61) 

D 


§ 12. OcHOBHoe ypaBHGHne raflpoMaraHH 

IlpH HccJi0ÄOBaHHH pa6oq0ro npou0cca h pac’4;0T0 paöo^iHX koji 0 c 
THÄpOXypÖHH IIIHpOKO0 npHM0H0HH0 HaXO^HX OCHOBHO0 ypaBH0HH0 
rH^pOMaillHH, H3B0CXHO0 KaK ypaBH0HH0 Jl. 3HJI0pa. ypaBH0HH0 
Jl. 3HJi0pa ycxanaBjiHBaBx aaBHCHMOCXb M0>K;i,y KpyxnmHM mom 0 htom 
Ha Bajiy ^H;^pOXyp6HHb^ H H3M0H0HH0M MOM0HXa KOJIH^0CXBa ;iBHXC 0 HHSI 
noxoKa npH 0 x 0 äbhjkghhh q0p03 pa6oH00 koji 0 CO [221. 
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ripH BbiBOiie ypaBH0HH5i npHM0M cji0jiyK)mH0 Äonym0HHH: hoxok 
B pa6OH0M KOJI0C0 OC 0 CHMM 0 XpH^HbIH (Z = co); XCHÄKOCXb H0BH3KaH 
H H 0 C)KHMa 0 MaH; MOM 0 HX CKOpOCXH HOXOKa B C 0 q 0 HHH HOXOKa n 0 p 0 Ä pa- 
eOHHM KOJI 0 COM O^HHaKOB (t;„r)i = const (COOXB 0 XCXB 0 HHO B C 0 q 0 HHH 
HOXOKa Ha BblXOÄB H3 pEÖOHOFO KOJI 0 Ca ~ COHst). 

OnpOABJIHM MOM0HX, pa3BHBa0MbIH HOXOKOM Ha paÖOHOM KOJI0C0, 
BpamaiomoMCH c hocxohhhoh cKopocxbio <0 = const. Momohx^ na Bajiy 
XHÄpoxypÖHHbi co3Äa0xcH peaKHH0H OKpyÄHOH cocxaBJiHiom0H jionacT' 
HOH CHJIH, Onp0;i.0;i5I0MOH H3 Bxoporo ypaBH0HHfl CHCX0MbI (37): 

„ dVu . VuVr _ dVu . Vud^ _ J_ I = ±d(^ / 02 y 

dt ^ r dt r dt t \ dt dt j r dt 

3ji0M0HxapHHH MOM0HX, ÄBHcxByiomHH CO cTopoHH pa6oq0ro KOJicca 
Ha Maccy dm noxoKa 

ddA = Furdm = d (H„r) ^ ^ d (ü«r). (63> 

CyMMapHHH MOMCHX, CO 3 ÄaBa 0 MHH HOXOKOM Ha paÖOHCM KOJICC0, 
paB0H H 3 M 0 H 0 HHK) MOM0HXa CKOpOCXH HOXOKa OX BKO^a ÄO BblXOÄa H3 
paöoHcro KOJicca: 

2 

M = — ^ f d (ü«r) rfQ = ^ iMi — (n„r)a]. (64> 

XIjih pcajibHoro noxoKa b 4>opMyJiy (64) no^cxaBJiHiox ocpcAHCHHbie 
HO pacxo^y 3Haq0HHH MOMCHxa n0p0Ä paöoqHM kojiccom h aa hhm 
(H„r)i H (Vur)2- 

ripHpaBHHB MOmHOCXb HOXOKa, HO^BO^HMOFO K paOOHCMy KOJI^y, 
MOLHHOCTH, paaBHBaCMOH XHÄpOXypÖHHOH (nOTCpHMH SHCpXHH np0HGOp0- 
racM), HOJiyqacM BCJiHHHHy nanopa, HcnojibaycMoro paöoHHM kojiccom 

//=^i(5;7)i—(v)!]- 

D 

MaKCHMaJibHO0 3HaqGHH0 xcopeTHHCCKoro Hanopa npH ycjiOBHH Hop' 
MajibHoro BbixoÄa h 3 paöoHcro KOJicca, (ü«x )2 = 0, onpcÄCJiHCxcn no 
4)opMyji0 

H = ~ (v)i. ( 66 ) 

6 

XlCHCXBHTCJIbHaH BCJIHHHHa HCHOJIbSyCMOrO HanOpa H3-3a HaJIHHHH 
HOXCpb 3H0prHH MCHbUIC. 

Mom0hx Ha Bajiy xHÄpoxypöHHbi moäho BbipaaHXb xaKH<0 qcpcs kom- 
HOHCHTbi npHco0iinH0HHbix BHxpcö. 3X0X0 BOCHOJibsycMCH ypaBH0- 
HH0M (64): 

d!A^^fdM^:f[^är + ^-^rd»+^-^dz\. (67) 
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CorjiacHO BupaJKeHHio (29) h y^iHTbiBa», ^ito ocecHMMerpHqHO 
To notoKa = 0, nojiyqHM BbipajKeHHe (64) b tbrom bhac: 

M = :!^^t^dr + ^-^dz] = ^r{Q,dr-Qr<lz). (68) 

IlpH pacqere oceBHX paöoqHX KOJiec npHMeHHioT Äpyryio 4^pMy 
ypaBHeHHH JI. Sfijiepa. HsBecTHO, qro BejmqHHbi UHpKyjiHimfi Ha bxoäg 
H BbixoAe H3 paöoqero KOJieca paBHH coorBCTCTBeHHo: Fj = 2ir {Vur)i; 
Tz ~ 2 tz {Vur) 2 - rioÄCTaBjiHH SHaqeHHH momchtob CKOpocxH noTOKa 
{Vur)i = ri/2% H ivur )2 = TzI2tz b ypaBHeHHe (64), nojiyqaeM 

M = pQ [{üur)i — ivur)2] === |^ (^i — Ta). (69) 


HJiH B jipyroM BH;ie: 


g 2n 


(70) 


r^e Fj, — UHpKyjiHUHH BOKpyr jionacxH; z — hhcjio Jionacxefi paöoqero 
KOJieca. 

rioÄCxaBJiHH B ypaBHeHHe (65) SHaqeHHH (ü«r)i h (ü«r) 2 , Bupancen- 
«we qepes UHpKyjiHUHH Fi h F^, nojiyqaeM 


rr (ri-r2)(o 

2ng 2iig 


(71) 


TaKHM oöpasoM, MOMenx h nanop aaBHCHX ox BejiHHHHH pasHocxH 
aiHpKyjiHHHH nepeA h aa paöoqHM KOAecoM. 

Hanop, HcnoAbsyeMHH paöoqHM koaocom, mojkho xaKH^e BbipasHXb 
qepea napaMexpu noxoKa (cKOpocxb h ASBJieHHe) na BxoAe h bhxoao 
H3 paöoqero KOAeca. JXjiii sxoro ycxaHOBHM saBHCHMOcxb MejKAy paöo- 
TOH JionacxHbix cha na nyxH dl (dr, rdQ, dz) h HaMeneHHeM y^ojibHofi 
SHeprHH noxoKa qepea paöoqee KOAeco, aah qero yMHOJKHM q^eHH co- 
oxBexcxByiomHX ypaBHeHHÖ (37) na npoeKUHH nepeMemeHHH dr; rdQ 
H dz H CAOHCHM HX: 


Fr dr + d^ Fzdz — gdz — ^dp = ~ dr 

dv dv V V 

^-^rdQ-\--^dz—-^dr-\-dLJLrdB. 

dt dt r r 


Paöoxy eAHHHUbi Maccbi noxoKa npH ee nepeMemcHHH na dl oöosna- 
qHM qepes dE = F^dr F^ rdd -}- Fz dz. VnurbiBaH, qxo = Vr -\~ 
-\-Vu-\- di, npeoöpasyeM ypaBHeHHe (72): 


dE — gdz — jdp^df^j; 
dE = d(^ + ^+gz}. 
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HnxerpHpyH ypaBHeHHe (73), BbiqHCAHeM paöoxy cha, aeHCXByio- 
mHX co cxopoHbi noxoKa na AonacxH paöoqero KOAeca: 

£ = a^ + Vp + ^(e,-z,). (74) 

P 


yde/ibHa^ paõoma, coBepmaeMan eAHHHueH Beca >khakocxh, npeA- 
cxaBAHex coöoK) Hanop, cpaöaxbmaeMbiH paöoqHM KOAeeoM*. 

+ + (75) 

SHeprexHqecKHH cMbicA ypaBHeHHH (75) saKAioqaeTCH bxom, qxo npH 
ABH>KeHHH noxoKa qepes paöoqee KOAeco ero iioxeHiiHaAbHaH sneprHH 
AaBAeHHH H noAo>KeHHH, a xaKJKe KHHexHqecKan snepruH npeoöpasy- 
loxcH B MexaHHqecKyio sneprHio Ha BaAy rHApoxypÖHHbi. Cxcnenb hc- 
noAb30BaHHH HOxeHUHaAbHOH SHeprHH noxOKa B paöoqeM KOAece onpe- 
AeAHCTCH K03(}xJ)HHHeHX0M peaKXHBKOCTH (CM. § 4). 

Mojkho xaicKe ycxanoBHXb saBHCHMOCXb Men^Ay nanopoM, hchoab- 
syeMbiM FHApoxypÖHHOH, H HSMeneHHeM yACAbHoä sneprHH noxoKa 
B aÖCOAIOXHOM, OXHOCHXeAbHOM H nepeHOCHOM ABH>KeHHH >khakocxh. 

FIocAe HOACxaHOBKH BeAHqHHbi nepenaAa AaBAennn ^ Ha paöo¬ 
qeM KOAece corAacHO (59) b ypaBHeHHe SHeprHH (75) noAyqnM 


2 2 2 2 2 2 
“ "'S . I 

2g 2g 


KaK cAeAyex hs ypaBHeHHH (76), SHeprHH, nepeAasaeMaH ootokom 
paöoqeMy KOAecy, onpeAeAHexcH nsMeneHHeM KHHexHqecKHx sneprHH 
aöcoAioxHoro noxoKa, oxHOCHxeAbHoro noxoKa (paöoxa cha peaKUHH 
noTOKa, BbixeKaiomero H3 KanaAOB paöoqero KOACca) h nepeaocHoro 
ABH>KeHHH (paöoxa ueHTpoöe^Hbix cha npH nepeMeiueHHH jkhakocxh 
B paAHaAbHOM RanpaBACHHn). 

JXah paAHaAbHO-oceBOH h AHaronaAbHOH ruApoxypÕHH: Vi > o*; 
Wt > H Ui > «2- B oceBOH rHAporypÖHHe > 1 ^ 2 ; Wz > WiHUi = 
= Uo. Aah kobuioboh rHApoxypÖHHbi: Wz = w Ui~ Uz (cm. § 4). 

SaBHCHMOcxH (65), (75), (76), npeACTaBAmomne coöoio pasAiiqHbie 
(J)opMbi ypaBHeHHH sneprHH, öbiah noAyqeHbi öea yqexa rHApaBAHqe- 
CKHX noxepb SHeprHH b npoToq'HOH qacxH rHApoxypÖHHbi. 

C yqexoM sxhx noxepb Hanop, noAesHO HcnoAbsyeMUH mApoxyp- 
ÖHHOH, öyACT MeHbuie, H aaBHCHMOCTii (65), (75), (76) npHHiiMaioT bha: 


2 2 

Pl P2 I rj 1^1 ^2 . 

--1- — ^2 + . 


= {Vur)x — (Vur)2\ 


2 2 2 2 2 2 
'^r/7 = + 2g ^ 2g ^ 


(77) 

(78) 

(79) 


3 7-204 
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T]r — FHÄpaBJiHqecKHH Knjl rHApoTypÖHHbi, yquTbiBaiomHfi nm- 
paBJiHqecKHC noxepH. ^ 

O npHpoAC BOSHHKHOBeHHa rHApaBJiH^ecKHx noxepb H Hx onpCAe- 
jieHHH CM. § 24, rji. III. 


§ 13. TpexMepHbrä hotok b rHApoTypÖHnax 
H npoeKTHpoBaHHH jionacTHMx cHcreM 

AÖCOJIIOTHbIH nOTOK JKHÄKOCTH B npOTO^HOH qaCTH peaKTHBHOH 
FHApOTypÖHHbl npOCTpaHCTBeHHbIH (xpeXMepHblH), HeyCXaHOBHBUIHHCA 
H B 5 i 3 KHfi. Ero pacqex cboahxch k pemeHHio nejiHHefiHbix AH4xJ)epeH- 
miaJIbHblX ypaBHeKHK rKApOAHKaMHKH B uaCXHbIX npOHSBOAHblX BXO- 

poro nopHAKa, Koxopbie saBHcax ox xpex KOopAWHax h BpcMeHH 19; 211. 

MaxeMaxH^ecKH cxporaa nocxanoBKa aaAa^w o abhächhh noxoKa 
B npoxQiqHOH qacxH h ee pemeHne c yqexoM Bcex 4)aKxopoB npaKXH^ecKH 
HeB03Moa<Hbi. OosxoMy xpexMepnaa aaA^qa npocxpaHcxBeHHoro ne- 
ycxaHOBHBiueroca noxoKa ynpomaexca h saMenaexcH AByMH AByMep- 
HbiMH 3aAB^aMH pac^exa ycxaHOBHBUieroca hah KBa3HycxaHOBHB- 
luerocH (ocpeAHeHHoro no apeMenn) noxoKa HeBH3KOH jkhakocxh [5;7; 
9; 12; 19; 24; 281. llpHHHMaeMbie AonymenHH (noxoK HeB5i3KHH, ycxa- 

HOBHBIIIHHCH H OCeCHMMexpHn- 

S ^ ^ Hbin) no3BOA5nox cymecxBeHHo 

1x10 ynpocxHXbMaxeMaxnqecKyiono- 

cxanoBKy 3aAanH, coxpanHH 
< 7 npn sxom, oAHano, rAaBHwe 

OCOÖeHHOCXH, CBOHCXBeHHbie 
BApy noxoxa. KaK nsBecxHO, 
saKOHOMepnocxH noxenuHaAb- 
y ijjy^ HoroxeqeHHn bh3koh ähakocxh 

/ BHe norpannnnoro caob coBna- 

^ Rf ABIOX c COOXBeXCXByiOmHMH 

^ 3 aKOHOMepHOcxaMH noxoKa hac- 

Phc. 36. OoBepxHocTH TOKa b rpexMepHOM aabHOH jkhakocxh. B o6m,eM 

noTOKe qepea paõowee KOJieco. CAyqae peUJeHHe saAa^H O ABH- 

aceHHK noxoKa b npoxoqnoH 
qacxH Mo>KeT BunoAHHXbca b Asa sxana: pacqex noxoKa nAeaabHOH 
jkhakocxh; HccaeAOBaHHe xe^enna b norpaHHanoM cAoe c nocaeAyK)- 
lUHM BHeceHHeM cooxBexcxByiomHX nonpaBOK b ncxoAHoe peuieHne. 

B xpexMepnoM noxoKe qepea Aonacxnyio cHCxeMy noBepxnocxn 
xoKa 5i aöcoAHDXHoro noxoKa ne coBnaAaiox c noBepxnocxaMu epame- 
HHH Sm, a noBepXHocxb AonacxH Sj, oxAnqaexca ox cpeAHen Me>KAona- 
cxHOH noBepxHocxH xoKa 52 oxHOcnxeabHoro noxoKa (pnc. 36). B cAy- 
qae ocecHMMexpaqHoro noxoKa noBepxHOcxn Si h Sm coBnaAaiox, x. e. 
noBepxHocxH xoxa hbahioxch noBepxnocxHMH BpamenHa, n nocKOAbKy 
ocecHMMexpnqHbiH noxoK b paöoqeM KOAece osnaqaex npuHaxne rnno- 
xesbi o öecKOHeqno õoAbinoM qncAe õecKoneqHO xohkhx Aonacxefl (2 — 
= 00 ), noBepxHOcxb xoKa S 2 coBnaAaex co cKeAexnon noBepxnocxbio 
AonacxH Sji. TaKHM oöpasoM, npocxpancxBeHHoe xpexMepnoe xeqenne 


^2 , 
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npHÖAHHceHHO MOHCHO npeACXBBHXb B BHAC cyMMbi AByx AByMepHbix reqe- 
hhh: xeqeHHH Ha^ocecHMMexpnqHbix noBepxHocxax xoxa — aaAaqa no 
onpeAeAeHHK)4)OpMbi ocecHMMexpnqnbix noBepxnocxen xoxa; oõxeKannH 
pemexKH na ocecHMMexpnqHbix noBepxnocxax xoKa b cAoe nepeMen- 
HOH xoAmHHfai — 3aAaqa no onpeAeAennio (JxjpMbi npo(l)HAeH npn aa- 
AaHHOM noxoKe (oöpaxnaa aaaaqa) hah onpeAeAenne cKopocxeö h asb- 
AeHHH B noxoKe qepes pemexKH aaAaHHofl 4>opMbi (npaMaa saAaqa). 

B nacxoamee BpeMH rHApOAHHaMHqecKHK pacqex h npoeKXHpoBaHne 
HOBbix AonacxHbix CHcxeM ocHOBaHbi na KOMnAeKCHOM npHMeneHHH npa- 
MOH H oöpaxHOH 3aAaq. PemeHne AByMepHbix aaAaq na noBepxHocxnx 
XOKa 5i H S 2 CBHaaHO C ÖOAbniHMH XpyAHOCXHMH H rp0MO3AKHMH Bbl- 
qHCAeHHHMH, npaKXHHecKH HCKAioqaiouiHMH pyqHOH cqex. 

BneApeHHe b npaKXHKy HHÄeKepKbix pacqexoB SAeKxpoHHo-BbiqHC- 
AHXeAbHblX MaUJHH nOSBOAHAO SHaHHXeAbHO paCUIHpHXb BO3M0>KH0CXH 
MexoAOB H ycKopHXb pemeHHe aaAaq. HcnoAbsya 3BM Ha cxaAHH npo- 
eKXHpoBaHHH, yAaexcH npH noMoiuH xaK nasbiBaeMoro «qncAenHoro 
SKcnepHMCHxa» oroöpaxb aah nocAeAyK)uj.ero HsroxoBAeHHH h Hcnarra- 
HHH AyquiHe pacqexHwe BapnaHXbi. TaKoft hoaxoa k nocxaBAeHHOH aa- 
Aaqe noaaoAHex HcnoAbaoBaxb coBpeMeHHbie MexoAbi pacqexa h hc- 
CAeAOBaHHH noxoKOB c ueAbK) paapaöoxKH .eme öoAee coBepuicHHbix 
SAeMeHxoB npoxoqHOH qacxH h yAyqmeHHH xapaKxepHcxHK riiApo- 
xypÖHH. 

§ 14. Cbhsb Me^cAy 4 >opmoh AonacxH 
H COCTaBJIHH>m;HMH cKopocxeH 
H BHXpeH B. OCeCnMMeTpHq[HOM ilOTOKe 

JXjiü ycxaHOBAeHHH aaBHCHMocxH MejKAy reoMexpHqecKHMH. xapaK- 
xepHcxHKaMH AonacxH h napaMexpaMH noxoKa b paõoqeM KOAece bmccxo 
A eflcxBHxeAbHOH AonacxHOH CHCxeMbi c KoneqHbiM qncAOM Aonacxefi pac- 
CMaxpHBaiox rnnoxexHqecKyio AonacxHyio CHcxeMy (z = 00 ), y Koxopofi 
CKeAexHaa noBepxHocxb Sj, AonacxH coBnaAaex c noBepxHocxbK) xoKa 
S 2 , ocpeAHeHHoro no OKpy>KHOH KoopAHHaxe <73 = q) h BpeMenH noxoKa 
[24; 281. OoxoK HeBaaKHH h ycxaHOBHBiuHHCH; HccAeAOBaHne npoBOAHX 
B KpHBOAHHeHHOH OpXOXOHaAbHOH CHCXeMB KOOpAHHaX (pHC. 29), KOOp- 
AHHaXbl KOXOpOH H ^3 pacnOAO>KeHbl Ha KpUBOAHHefiHOH nOBCpXHO- 
CXH XOKa Sm- 

noBepxHOcxb AonacxH oöpaaoBana ceMeficxBOM ahhhh xoKa oxho- 
CHxeAbHoro noxoKa. YcAOBne nenpOHHuaeMOcxH AonacxH (Wn — 0) aa- 
HHCblBaeXCH B XaKOM BHAC: 

W‘ n = 0, (80) 


FAe W ( w ^, W2 , Ws ) - BeKXOp OXHOCHXeAbHOH CKOpOCXH, KacaXCAbHOH 


K AHHHH xoKa B paccMaxpHBaeMOH xoqxe; h (mi, /ig, 
K noBepxHocxH AonacxH b AanHoö xoHKe. 

Hs ypaBHCHHH (80) cAeAyex; 

W 2 Ws ^ 0 . 

tli 0.2 tls 


ris) — HopMaAb 


(81) 


3* 
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TaK KaK jionacTHaa cHcjeMa oörcKaercH H0Bfl3KOH jKHÄKOcTbK), jio- 
nacTHafl cHJia (X, Fa, X) nepneHÄHKyjiapna k noBepxHOcra Jiona- 
CTH, <1X0 Mo>KHo sanHcaxb cjieflyiomHM oöpasoM: 

F;, X rt = 0 (82) 


HJIH B CKaJIBpHOH 4)0pMe 



Phc. 37. reoweTpHqecKHe napaMcrpu JionacTH: 

a — nepeceTCHHe JionacTH KOopflHHaTHofl noBcpxHocTbio = const; .6 — nepeceqewBe JionacTB 

KoopflHHaTHofl noBepxHOcTbK) Qt — const. 


jionacTH 3 a;iaHH 0 H 4>opMbi (pae. 37) b KajKAOH Toane cnpaBCÄ- 

JIHBbl OTHOlUeHHH: 


-^? = ctgp;| 
—2 = ctg a, 

«3 


(84) 


<x H P — yrjibi Meac^y OKpy>KHbiM HanpaBJieHHCM h KacaxejibHbiMH 
K npo^HJiHM jionacxefi, nojiyaacMbix nyxeM nepeeeaeHHH nocJiCÄHHx 
KOop;i,HHaTHbiMH noBepxHocTHMH = const (pHC. 37, ä) h Qi = const 
(pnc- 37, 6). 

BbipasHM BejinqHHbi Fi h qepea OKpyjKnyio cocxaBJiniomyK) .nO’ 

naCTHOH CHJIbl Fs, BOCnOJIbSOBaBUJHCb 3T0r0 saBHCHMOCTHMH (oo) 

H (84): 


= = —PsctgP; 

F, = F,!^ = F,ctga. 

“3 


SaMCHHM B ypaBHCHHBX (39) npoHSBOÄHbie OT ÄaBJienna qepes cko- 

pOCTH nOTOKa. CBaSfa MeJKAY A^BJieHHeM n CKOpOCXbK) B OXHOCHXejlbHOM 
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noTOKe, npeneöperaa ncn'ep5iMH 3HeprBH"(cM. ypaBHCHHe (59)), yerano 
BHM npn noMoma aaxerpajia JX. Bepayjijia: 


p 2 



r^e f (<I>) — Bejiaqana, nocTOHHaaa TtJia ÄaaHoa Jinana xoKa, 

noÄCxaBHM sHaaeaae oTHOcaxejibHofl cKopocxa h 3 xpeyrojibnaKa 
CKopocxea: 

zsF = v^ — 2wn„ 


B HHxerpaji JX. BepnyjiJia: 


^ , _P 

2 + p 


UVu=f{^). 


np0Äa(})4)epeHUHpyeM ypaBneaae (86) a ycxaHOBHM cBH3b MCÄjiy 
npoa3BOÄHbiMH no q^ ox ÄaBJienaa a CKopocxea: 

A ^ _L J_ ^ ^ M _ a/(*p) . 07 . 

2 p dq^ “ dq^ - dq^ * 

B ypaBHeaaa (87) Benaqaaa df (^)/ö ^2 asBecxaa. JG[jih ee onpe- 
ÄCJieaaH BanaincM ypaBaeaae (86)'ÄJia noxoaa aa bxoac b paöoqee 
KOJieco: 




a BbinojiaaM ero Äa(}x|)epeHuapOBaHae no q^' 

d Iv^ . p\ ^(V) 


0(72 \ 2 ^ P/I 


dm 


Ecjia noxoK aa Bxo^e b paöoqee KOJieco noxeanaajibHHa, ero anep- 
raa äjih Bcex Jianaa xoaa OAaaaKOBa. 

Tor/ia 


+ = 0 . 

dq^ \ 2 p /bx 


Ha ypaBHeaaa (89) onpe^e/iaM acKOMyio Bejiaqany df {^)/dq< 2 , Ä/ia 
cjiyqaa noxeanaajibaoro noxoaa 

a/w ^<v> 

dg, dg^ 

a noAcxaBHM ee b ypaBneaae (87j 

a c /2 1 õp ra(c/„r) div^r)l 


_L J_ ^ 

dq^ 2 p ' dq^~ [ dq^ 


üojiyqeHHoe ypaBnenae (90) ycxanaBjiHBaex saBacaMocxb Meac^y 
aaMenenaeM ÄaBjienan a cKopocxea bäojib aopMajia q^ k noBepxnocxnM 
xoKa q^. 
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B Tpexbe ypaBHeHHe cHCTCMbi (39)'fiXGÄHT jaK^e HeHSBecTHaH Be- 
jiHqHHa Fs- BbipasHM cocxaBJiaioinyio Jionacxefi chjibi 'lepes Fg co- 
rjiacHO (85), a aaxcM noACxaBHM 3 HaqeHne Fg h3 Bxoporo ypaBHeHHH 
CHCxeMfai (39): 

Fg = Fg ctg a = (ügQi — t^iöa) ctg a. 

Jlajiee noflcxaBHM 3 HaqeHHe Fg b xpexbe ypaBHeHHe cHCxeMW (39): 

+^1^3 —= —t;ie2)ctga —(91) 

yqKXbiBaa saBHCHMocxb (90), aanHuieM ypaBHeHHe ÄBHHceHHH b 

xaKOM BH^e: 

“ r^ _ _ (t, Q _ „ 2 j) + OjQ,) ctg a. (92) 

ÜOÄCxaBHM B ypaBHeHHe (92) anaHeHHa cocxaBJiaiouiHx BeKxopa 
BHxpa Q (Qi, ^ 2 , ^ 3 ) coxjiacHo (30), paa^eanM ero qjieHH na h, yqn- 
xbiBaa, qxo üg = a //g = r, nojiyqHM 

rtü — v^^ — Ü 2 ctg a d (ü^r) ^ 1 dH^v^ 1 dH^Vj 

H^rvi dq^ ' HiH^ ~Wi HiH^ dq^ 

1 d {v r) oj d iv j) 

Ha ycjioBHH (81)nepneHÄHKyjiHpHocxHBeKxopoB w nn npn w-i — 

£<^2 = £^ 2 ^ Wg = Wu = Vu — u cjieÄyex, qxo 

£^ 1^1 “f~ ^2^2 £^) ^3 

TaK KaK — ^ = ctg B, ^ = ctg a, noJiyqaeM 

Kg Kg 


üj ^ + l» 2 TT + £^« —^ ro) — 0, 


oxKyAa 


ctgp = 


F(J0 tly OCr 


ypaBHeHHH (93) h (94) ycxanaBJiHBaiox cBH3b Meayiy 4)opMOH Jio- 
nacxH (ee reoMexpnqecKHMH napaMexpaMH ctg Ph ctg a) h cocxaBJiaio- 
mHMH t^i, Ü 2 » £'3 aÖCOJIIOXHOH CKOpOCXH HOXOKa: 

1 djvur) . n . t õH^Vz t_ dHiVj _ 

HiT dq2 HiHz dq^ 

1 ^ „ 1 <0 Ö (^«'■)bX _ /QC'» 


H^r ÕQi 


ctga — 


//g Vi dqz 


ypaBHeHHe (95) npeACxaBJiaex co6ok) ypaBHenne ÄBH>KeHHH noxoKa 


B JionacxHOH CHCxeMe. 
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SaBHCHMOcxR (94) H (95) Hcnojib3yK)T npH pemeHHH npHMofl h o 6- 
paxHOH aa^aq pacqexa JionacxHHX CHCxeM paöoqnx KOJiec. Flpn pac- 
CMoxpeHHH pemexoK nanpaBJiHiomero annapaxa b ynaaannnix ypaBHe- 
HHHX HpHHHMaKXr (0=0. 

§ 15. IIocTaHOBKa npaivioH sanaqra 

B Hacxoamee BpeMH HMeioxcH paajinqnwe Mexo^lbi pemeHHH npHMofl 
aaÄHqn c HcnoJibaoBaHneM coBpeMeHHofi BbiqncyiHxejibHOH xexHHKH [5; 
9; 12; 19; 24; 28], PacqexHbie ABHHbie JionacxHbix CHCxeM HcnojibayioT 
äjih anajiHaa bjihhhhh paajiHHHbix napaMexpoB na noKaaaxejiH pa6o- 
qero KOjieca h oxöopa jiyquinx pacqexHwx BapnaHxoB paöoqnx KOJiec. 

B npaKXHKe pacqexa h Hccjie^OBaHHH jionacxHbix CHcxeM xypöoMa- 
mHH HaxoÄHx npHMeneHHe ÄBe paaHOBH^HocxH npHMofi aa^aqH; 

1. IlpRMaR ocecuMMempuHHan sadam —onpeÄejieHne CKopocxefl 
HOXOKa H noBepxHOcxeä xoKa npn aa^aHHbix KOHxypax hojiocxh h (])opMe 
Jionacxefi; npn axoM npHHHMaiox öecKOHeqno öojibmoe qncjio decKO- 
HeqHo XOHKHX Jionacxefi hjih me BbinojiHHiox ocpeAHenne napaMexpoB 
HOXOKa no yrJiOBofi mHpHHe JionacxHbix KanajioB, 

2. npRjmfi petuemmmaH sadam — pacqex oöxeKaHHH peuiexoK 
npo^iHJieft Ha HaeecxHbix ocecHMMexpHqHbix noBepxHocxnx xoKa. B hh- 
ÄenepHbix pacqexax JionacxHbix CHCxeM XHÄpoxypÖHH rnnpoKoe npH- 
MeneHHe nojiyqnjiH MexoÄbi pemeHHH pemexqaxofi aaAaqn c Hcnojibao- 
BaHH€M ocecHMMerpnqHbix noBepxHocxefi, oöpaaoBaHHbix jihhhhmh 
TOKa H3BecxHoro MepHÄHOHajibHoro noxoKa [19]. Pemenne xaKofi 
aaÄaqn aaKJiioqaexcH b onpe^ejieHHH BejinqnH CKopocxefi h ^laBJieHHfi 
B ToqKax npo^iHJiH HccjieflyeMofi pemexKH*, npn noMOmn nojiyqeHHbix 
pacqexHbix flaHHbix mohcho oueHHXb aneprexHqecKHe h KaBHxauHOHHbie 
noKaaaxejiH jionacxHofi CHCxeMbi na paajinqnbix pejKHMax paöoxbi xyp- 
6 hh. TaKHM oöpaaoM, peman npHMyio pemexqaxyio aa^aqy ä-hh paa- 
jiHHHbix BapnanxoB JionacxHbix chcxcm, ycxanaBJiHBaiox aaBHCHMOcxb 
MCÄ^y pacnpeflejieHHeM CKopocxefi h ABBJieHHfi na npo^HJiHX, reoMex- 
pHqecKHMH napaMexpaMH pemexKH h napaMexpaMH naxeKaioiiiero no- 
xoKa. 

npHMafl ocecHMMexpHqHaH aaÄaqa [21, 28]. 3 a ^ a h bi: {J)opMa npo- 
xoqHofi qacxH h Jionacxefi paõoqero KOJieca (yrjibi P h a, xojimHHa Jio¬ 
nacxefi); HanpaBjieHHe BCKxopa CKopocxH nepejj. pemexKofi (cocxaBjin- 
lomne h u^^,); yrjiOBan CKopocxb BpameHHH od paõoqero KOJieca, pac- 
xoA H Hanop (pejKHM paõoxbi). KpoMe xoro, äjih Ka>K;;ofi ajieMenxapHofi 
xypÕHHbi ÄOJiÄeH õbixb aa^an FHji^paBJiHqecKHfi KOJI ilr. 

HeoõxoAHMO onpe^ejiHXb: (|)opMy noBepxHocxefi xokh 
H CKopocxH ocecHMMexpHqiioro noxoKa b jionacxHofi cncxeMe h aa nefi. 

ypaBHeHHH npHMofi ocecHMMexpHHHofi aa^anH nojiyqenbi na oõmnx 
ypaBHeHHfi rH^poÄHHaMHKH noxoKa qepea paõoqee Kojieco nyxeM nx 
ocpe^HCHKH no mary pemexKH h no BpeMeHH. (ZIjih JionacxHbix chcxcm 
xapaKxepHo cymecxBoBaHHe cbh3h Mea^^y ^opMofi JionacxH h cocxaB- 
JIHIOmHMH CKopocxefi HOXOKa, qXO Hapn^y c ÄpyrHMH ypaBHCHHHMH 
noBBOJiHex npH aajiaHHofi 4)opMe JionacxH onpe^ejiHXb CKopocxn h 
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ÄaBjieHHH Ha npo4)HJiHX peuieTKH). HeoKHMaeMoö HeBHSKOH jkhäko- 
CTH ocecHMMCTpHqHaH npHMafl sa^aHa MareMaTHqecKH (|)opMyjiHpyeTCH 
npH noMOU].H qexbipex BeKxopHbix ypaBHCHHfi: 

1) ypaBHeHHH äbhjkchhh JI. Sfijiepa (51) b oTHOcHTejibHöM hotokc: 

^ + 2« X õ) + « X (<fi X r) = — ^ + Fj,; 

2) ypaBHeHHH nepaapwBHocTH (41) g yqeroM crecHeHHH noxoKa 
jionacTHMH KOHCHHOH tojiiuhhm: 

V • = 0, 

r^e «}> — K03(p(pHHHeHx cxecHeHHH noxoKa; 

3) ypaBHeHHH opxoroHajibHocxH (82) BCKXopa JionacxHofl chjih 
K cpeÄHefi MeHcnonacxHOH noeepxHocxH xoKa S 2 : 

Fj: X n = 0; 

4) ypaBHeHHH (80), BHpajKaiomero ycjioBHe HenpoHHuaeMOcxH 06 - 
TCKaeMOH cpeAHCH MejKJionacxHOH noBcpxHocxH TOKa Sg (oxHocHxejib- 
Han CKOpocTb ÄOJiJKHa öbixb KacaxejibHofl k stoh noeepxHocxH xoKa): 

w n = 0. 

rf jTq qncjieHHoro pemeHHfl sth ypaBHCHHH aanHCHBaioT b CKa;iHpHOH 
4)opMe B npoeKUHHx na och uHJiHHÄpHqecKOH CHCxeMH KoopÄHHax: 

1 dp »«. 

1 d (t*/) 

F„ = -—Vu = Wa-\-^n 

r 1 ap . 

p dz~ dt ^ 
dirlw;^ , dir^w^) 
dr dz ~ 

Fr==—FAgh'; 

Wu = Wz Ctg p' + Wr tg 

r^e S' — yroji naKjioHa cpeAHCH noBepxHOCXH jionacxH k paAHycy 
B ceqeHHH z = const; p' — yroji MCJK^iy w' = ]/"^ HanpaBJie- 
HHCM BpameHHH U. 

CHCTCMa ypaBHeHHH saMKHyxan, xaK kbk OHa coacp^ht ceMb ypaB- 
HCHKH H HMeeX CCMb HCHSBeCXHblX Wr, Wu, Wz, F r, F u, F z, p. BmGCXO 
xpexbero ypaBHeHHH (ypaBHeHHe ABHHcenHH b npoeKUHH na (Xb z) 
oõbiHHo HcnojTbsyiox ypaBHCHHe snepxHH bäojib MepHÄHOHaJibHofl jihhhh 
xoKa 

£ + “'_^ + ga = W„ = const. 
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B oömeM cjiyqae sneprHH noxoKa HeoÄHHaKOBa na pasjiHHHbix no- 

BepXHOCTHX XOKa Hr = f 

nocjie cooxBCTCXByiomHX npeoöpaaoBaHHH CHCxeMa h 3 ceMH ypaB¬ 
HeHHH cboähxch k CHCTCMe H3 ÄByx ypaBHeHHH: ypaBHeHHH paAHSJib- 
Horo paBHOBecHH H ypaBHCHHH HepaspbiBHOCTH, Koxopbie pemaioxcH 
npH aaAaHHbix rpaHHHHbix ycjiOBHHx [9; 21]. 

ypaBHeHHH paBHOBecHH H HepaapbiBHOcTH oöpaayiox saMKHyTyio 
CHCXeMy OXHOCHTCJIbHO ÄByX HCHBBeCXHblX: Wm H B ÄaJIbHeÖmeM 

SHaqcHHHie^, tiuHtc^^uBbipax^aiOTqepeaBbiqHCJieHHbieBeJiHqHHMtaJ/ra h 

JXjih onpcÄejieHHH (popMbi 
noBepxHOCxefi xoKa (jihhhh to- 
Ka McpHÄHOHajibHoro noTOKa) 

B paöoqeM KOJiece c saAaHHOH 
jionacxHOH CHCxewoH Hcnojib- 
syKDx npouecc nocjieÄOBaxeJib- 
Hbix npHÖJiHJKCHHH. B Hpouecce 
yToqneHHH jihhhh xokh MepH- 
ÄHOHajibHoro noTOKa hsmchh- 
excH Hx (popMa, b cbh3h c qcM 
B npouecce BbiqHCJieHHH H3Me- 
HHCXCH HanpaBJieHHe h Annna 
HOpMaJiefi K JIHHHHM XOKa. 

TaKHM o6pa30M, cexKa Mepn- 
ÄHOHajibHoro noTOKa nojiyqaex- 
CH «HJiaBaioiHeH», h nosxoMy 
TpyAHO HOJiyqHTb pemeHHe 28. Pacno;iOÄeHne npo^HjiH peuiexKH: 

saAaqH na 3BM, ne npHÖeraH a — Ha KpHBOJiHHeflHofl noBepxHocTH TOKa F\ 6 —• 
K npoMejKyxoqHbiM rpa4)Hqec- naocKocTH u — z. 

KHM HQCTpOeHHHM. 3X0 3Ha- 

HHxejibHO ycjiojKHHCx npouecc BHqHCJieHHH H Aejiaex ero rpOMOSA- 
KHM. 

rtpHMaH peuieTHaTaH aaAana. CeqcHHH jionacxen paooqero KOJieca 
ocecHMMexpnqHbiMH noBcpxHOCXHMH xoKa B oömeM cjiyqae npeACxaB- 
jiHiox peiueTKH, oöxcKaeMbie hotokom nepeMCHHOH xoJiiuHHbi (cjiyqaH 
paAHaJibHO-oceBbix h AuaroHajibHbix paOouHX KOJiec). OÖJiacTH xeqe- 
HHH BOKpyr pemexoK, pacnojiomcHHbix na KpHBOJiHHCHHbix noBcpxHO- 
CXHX xoKa, KOHipopMHc oTo6pa>KaK)x Ha HCKOTopyio BcnoMoraxejibHyK) 
HJiocKOCTb, B KOxopoH paccwaTpHBaioT oöxeKaHHe npHMOH pcuiexKH 
npocpHjiefl B cjioe nepeivieHHOH xojiiUHHbi. C>opMa noBepxHocxeH xoKa 
MOJKCX öbixb onpeACJicHa no AaHHbiM peineHHu npuMofi ocecHMMexpuq- 
HOH saAaqH. Hh^kb HSJio^eHbi ocHOBHbie nojion^eHHH wexoAa peinennH 
npHMOH peinexqaxoH saAaqH, KoxopbiH Haineji npHMeneHHe b npaKXHue 
pacqexa JionacxHbix chctcm XHApoxypÖHH [7; 19]. llpeAnojiaraeTCH, qxo 
KpHBOJiHHeHHbie ocecHMMexpHHHbie noBepxHOCTH TOKa saAaHbi H onpe- 
ACJiHioxcH oqepxaHHHMH npOTOHHOH qacxH, HX (JjOpwa ne saBUCHX ox 
(popMbi Jionacxen h peuiHMa paöoxbi. TaKHM oöpasoM, BJiHHHne (JiopMbi 
jionacxeH Ha MepHAHOHajibHbifi noxoK h BsaHMHoe bjihhhhc peiHexoK 
paöoqero KOJieca ne yqnxbiBaexcH. 
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OxoöpaHieHHe pemetÖK, pacnojiOÄCHHbix na KpHBOJiHHeÖHHX no- 
BepxHOCTflx TOKa F, Ha njiocKOCXfa u — z äöjwkho öhxb kohcJwpmhhm 
(pHC- 38) npH yCJIOBHH COXpaHeHHH XOJimHHbl CJIOH h (z) B COOXBeXCXByiO- 
lUHX TOMKax noBepxHOCxH TOKa H iiJiocKocxH. TaK KaK oxoöpaxceHHe 
KOHCbopMHOe, TO MBHC^y CKOpOCXHMH (h HX COCXaBJIHKDmUMH) Ha KpHBO- 
jiHHeHHOH noBcpxHOCxH xoKa F H Ha HJiocKOcxH tl z cymecxByex 
CJieÄyiomaH CBHSb: 

F . ^ 

Vz — Cli ^3» 


rjie Cl H Ca — cocxaBJiHiomHe CKopocxH noxoKa na noBepXHOCXH F; Rq 
paÄnyc pacnojioxceHHH na^ajibHOH xohkh oxcnexa na noBcpxHocxH xoKa. 

JXjIH HCCJIOÄOBaHHH XCHeHHH B HJIOCKOCXH tl Z BbIBCÄCHbl ypHB- 
HCHHH äJIH (J)yHKHHH HOxeHUHaJia 


d^(f , , i ^ öy _Q, 

h (z) dz dz 


(96) 


ÄJIH 4)yHKHHH TOKa 


_L—^_0 

du^ öz® h dzdz 


(97) 


CocxaBJiHiomHe cKopocxefi noxoKa BOKpyr peniexKH, oõxeKaeMofl 
cjiocM nepeMCHHOH tojiui.hhw h (z), onpcÄCJiHioxcH npH homoiuh Bbipa- 
ÄeHHH: 

I 1 

= hdu- 


FpaHHHHbie ycjiOBHH nepcÄ h aa peuiexKOH nojiyneHbi h 3 ycjioBHH 
coxpaHCHHH nocxoHHCXBa pacxojia h uHpKyjiHUHH npH kohiJiopmhom 
OXOÖ paJKCHHH; 

_Ti q ' . 

” kt ’ ~ kthi ’ 

Ts q 

~~ kihi' 

^ — pacxoÄ Mexc^y coccähhmh noBcpxHOCXHMH xoKa, oxne- 

ccHHbiH k tojiuihhc cjiofl B HaMajic KOopÄHHax; t mar pemexKH, 
hx\ ^2 — xojimHHa cjioh cooxBexcxBeHHO jio h nocjie pemexKH. 

06xeKaHHe npo(J)HJieH Ha noBcpxHOCXH xoKa F npHHHMaexca öea- 

OXpblBHblM: 

Cr, == «„ = w sin 7 = üiR sin 7 , 

XÄO Cn, Un — npOCKUHH aÖCOJIIOXHOH H nepCHOCHOH CKOpOCTCH Ha HOp- 
MaJib K KOHxypy npo^mjia; y — yroji Mcxc^y KacaxejibHoii k npoijinjuo 

H OKpyxiHbiM HanpaBJienHCM u. 

Ha HJIOCKOCXH U - Z npOCKUHH CKOpOCXH Ha HOpMaJIb paBHa: 

~ ^ ^ (^) * 


74 


OnpejiejiHM (|)yHKUHK) xoKa na npoiJiHJie b hjiockocth u z. 

HmCH B BH^y, *ITO Vn = Vu SiH J — Cz COS 7 H HOÄCXaBJIHH 3 HaHCHHa 
üu H Vzf BbipajKCHHbie qepea nojiynacM 

_ 1 /gg\ 

h duds /ids’ 

S — KpHBOJIHHeHHaH KOopÄHHaxa, OXCqHXbIBaeMaH BÄOJIb npo4)HJIH. 
Ha ypaBHCHHH (98) cjiCÄyex: 

s 

(s) = j Vn (o) h (o) dö, 

0 

r;ie o — xeKymaH KOOpÄHHaxa npoiJiHJiH. 

Hocjie HpeoöpaaoBaHHH ypaBHCHHC npHHHMaex bhä (pyHi^HH xoKa 

S 

(2) = tt„ J ft (2) [1^ (z)] Sin 7 dz. (99) 

0 

TaKHM oöpaaoM, b hjiqckocxh u — z noJiyqcHH rpaHHqmae ycjio- 
BHH xeqcHHH, a xaKHte (JiyHKUHH xoKa na Kontype npoi^HJiH, Koxopbie 
HCOÖXOÄHMbl äjih BblHHCJieHHH CKOpoCXCH Ha npo(|)HJie. 

PaccMaxpHBacMHH MCXOÄ peuieHHH aaÄŠHH peuiexoK b cjioe nepe- 
MCHHOH' TOJIIII.HHbI HBJIHCXCH OÖOÖmeHHCM MCTO^a pacqcxa OÖxeKaHHH 

HJIOCKOÄ pemexKH npoiJiHJieii Kohchhoh tojiiuhhh I7l. TeseHHe b hjioc- 
KOCXH w ’— z paccMaxpHBaexcH KaK xeqcHHe, nojiyqcHHoe cjioHceHHCM 
HeBoaMymeHHoro noxoKa h noxoKa, HHAyUHpyeMoro chctcmoh BHxpe- 
BMX CJIOCB, pacnojiOJKCHHbix Ha npo4)HJiHx pemexKH. CyMMapHbiH no- 
XOK BOKpyr npo(J)HJieH pemexKH oHHCbiBaexcH o6ö6meHHOH (JiyHKUHCH 
xoKa = ^>0 + ^T* cocxoameH Ha (JiyHKUHH xoKa ,H,eB03MymeHHoro no- 
XOKa L H (^yHKUHH TCHCHHa ^ BbI3faIBaeMOrO CHCXeMOH BHXpeÖ HHXeH- 
CHBHOCXbK) y (s), KOXOpbie paCHOJIOJKeHbl BÄOJIb KOHxypoB npo^DHÄCH 
pemexKH. 

OöoömcHHaa (JiyHKUHH xoKa cyMMapHorp npxoKa moäcx obixb npH- 
HHxa nocxoHHHOH Ha KOHxype npoiJiHÄH 119]. nojiyqacMoe npH axoM 
ÄonyuieHHH HHxerpaÄbHoe ypaBHeHHe oÕTeKaHHH pemexKH coÄepJKUT 
B KaqecxBC HCHaBCCTHoro HHxeHCHBHOcxb BHxpcH^V (s). PemeHHC axoro 
ypaBHCHHH CBOÄHXCH K pemCHHK) CHCTCMbl JIHHCHHblX aJireÖpaHHCCKHX 

ypaBHCHHH. „ ^ 

Ho HaÖÄeHHOMy anaHCHHio y (s) onpCÄCJiniox CKOpocxH bo bcch oo- 
jiacxH xchchhh, b xom hhcjic Ha KOHxypax npo(])HJiH pcmcxKH. ZIjih ho- 
ÄyqCHHH CÄHHCXBCHHOrO pCUICHHH HpH OHpCÄCJICHHH y (s) H paCHCTC 
OÖXCKaHHH npO(])HJICH HpHHHMaCTCH CJICÄyiOHieC yCJIOBHC CXOÄa HOTOKa. 
CqHXaiOX, qxo b6jIH 3H SaKpyFÄCHHOft BblXOÄHOÖ KpOMKH^npO(])HÄH HMC- 
loxcH ÄBC xoHKK (oÄHa Ha BbiHyKJiOH, ÄpyraH Ha BornyxoH cxopoHC npo- 
d)HÄH), B Koxopbix CKopocTH paBHbi MCJKÄy co6gh. Mcxoä sanpoppaM- 
MHpoBaH Ha 3BM. Bboäh Heo6xoÄHMyio HH(])opMaHHio, oHHCbiBaiouiyio 
reoMCxpHK) npo^iHJiH, HapaMCxpbi pemcxKH h pcxiHM paöoxbi, noÄyqaioT 
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pacnpe^iejiCHHe cKopocrefi na KOHxype npo(|)HJi5i. Oo HSBecTHbiM sna- 

CKOpOCTCH BblMHCJIHHDT BCJIHqHHbl ÄaBJieHHH H CTpOHT pacnpe- 

ÄejieHHe oTHOCHTejibHofl CKopocTH H äbbjichhh Ha npc4>HJie npn hccjic- 
ÄyeMOM peÄHMe paöoTbi (pHC. 39). 

B nocjiCÄHHe roflbi paapaöoxaHbi öojiee coBepmeHHbie MexoÄbi peiue- 
HHH npHMOH ocecHMMexpnqHOH saAaMH, no3BOJiHiom,He nojiyqHXb noji- 
Hoe peuieHHe Ha BHMHCJiHxeJibHofi MauiHHe 6e3 npoMejKyxoqnbix rpa- 
(JiHqecKHX nocxpoeHHH cexKH MepHAKOHajibHoro noxoKa [24]. B qacxHO- 
cxH, B MexoAe KaxcaHHca [12] pemeHHe nojiyqaiox npH noMom,H xaK 
HasbiEaeMbix KeasuHOpMCL/ieu. 3xh jihhhh Bbiönpaiox xbkhm oöpaaoM, 



Phc. 39. PacqexHoe pacnpe^e^ieHHe na npo({)H;ie peuiexKH: 

a — oTHCXiHTeJibHoft CKopocTH; 6 — ÄaaneHHH. 


Hxo KaxtÄaa KBasHopxoroHaJib ncpeceKaex jihhhh xona xoJibKO oahh 
pa3, npHqew He oÖHsaxeJibHO no;i npHMbiM yrjiOM. Vaoõho Bbiöpaxb 
KBasHOpxoroHajiH b bhab npjiMbix jihhhh, nepeccKaiOLAHX HCXOAHbie 
JIHHHH xoKa MejKAy BxyjiKOH H KaMepoH paöoqero KOJieca. Onenb Ba>K- 
HbiM HBJiHexcH xo oöcxoflxejibcxBO, qxo B npouecce BbinoJiHeHHH Hxe- 
paUHH H HSWeneHHH jihhhh xoxa KBaSHHOpMaJIH OCXaiOTCH (JlHKCHpOBaH- 
HbiMH. nporpaMMHpoBaHHe wexoAa Ha 3BM nosBOJinex nojiyHHXb pe- 
menne b MepHAHOHajibHofi hjiockocxh 6e3 npOMejKyxoHHbix rpaijinne- 
CKHX nocxpoeHHH [9; 12]. 

Bxopafl qacxb paöoxw KaxcaHHca nocB5iin.eHa paccMOxpeHiHO peme- 
HHH npHMOH pemeTMaxoH saAa^H. B xoAe pemeHHH saAaHH iiccjieAyexcfi 
oõxeKaHHe pemexoK npcxJiHAeH Ha BbWHCJieHHbix noBepxHOCXHX xona. 
iXjifl onpeAejieHHH snaqeHHH cKOpocxeft h AaBAeHHH b xoqKax noxoKa 
B KanaJiax paöoqero KOAeca HcnoAbsyexcfl xox ate hoaxoä. B sxom cjiy- 
qae KBaanopxoroHaAbHbie jihhhh npoxoAax Ha noBepxHocxH xoKa ox 
AonacTH K AonacTH h Moryxöbixb saAaHbi b ehac Ayr oKpyatHOCxen. 06a 


pemeHHH — Kax b MepHABOHajibHOH haockocxh, xaK h b AonacxHOM 
KanaAe, — ocHOBaHw na onpeAejieHHH rpaAHeHxa oxHOCHxejibHofi .ckq- 
pocxH BAOAfa paccMaxpHBaeMHX KBasHHopMaAeii h BbiqHCJieHHH pac- 
xoAa qepea hhx. BwqHCJieHHH saKaHqHBaioxcH, KoxAa HafiAeHHoe sna- 
qeHHe pacxoAa qepea npHHHXHe KBasHOpxoronaAbHbie ahhhh neoxAH- 
qaexcH ox ero saAaHHofi BCJiHqHHbi npH npHHHXofi xoqnocxH ehhkcac- 
hhh. TaKHM oöpaaoM, xpexMcpHbiö noxoK b paõoqcM KOAece HCCJie- 
Ayexcfl npH homoiah AByx AByMepHHX saAaq: onpeABJicHHe ahhhh xoKa 

B McpHAHOHaAbHOH HAOCKOCXH (npHMaH ocecHMMCxpHqHaH saAaqa)', 

BbiqHCACHHe CKopocxefi noxoKa B KanaAe MCJKAy AonacxnMH npH 
HaHACHHbix noBepxHocxHX xoKa (npuMaa peuiexqaxaa saAaqa). 


I 

i 


ooTTOTTTj Tir^ r^rrnATl^^TinTOK^l R 
Y Vip 1 li Pt -.mw^ .—--— 

pa6oqero KOAeca HCnoAbsyiox ajih yxoqHCHHB ahhhh xoKa b MepHAHO- 
HaAbHOft HAOCKOCXH. TaKHM 06pa30M, HCHOAbSyH HOCAeAOBaXCAbHO 
pHA npHÖAHJKCHHfi, HOAyqaiox coBMecxHoe peiucHHe npBMofi occchm- 
McxpHqHofl H peuiexqaxoH aaAaq. 


§ 16. nocTaHOBKa oõpaTHOH saAa^in 


CoAGpAtaHHe oöpaxHOH saAaqn saKAioqaexcH b onpeACACHKH (JxipMbi 
AonacxH npH saAaHHbix napaMexpax noxoKa. MaxcMaxHqecKan (})opMy- 
AHpOBKa oõpaxHOH saAaqH ne hmccx AOCxaxoqnoH onpeACAeHHOCXH. 
Mxo6bi cnpoiJiHAHpOBaxb Aonacxb, x. e. noAyqnxb cAHHCXBeHHoe peuie¬ 
HHe npHBeACHHOH B § 15 CHCXeMU ypaBHCHHH, HeOÖXOAHMO SaAaXb ao- 
HOAHHXeAbHbie yCAOBHH. BblÖOp OnXHMaAbHbIX AOnOAHHXeAbHbIX yCAO- 
BHH, no3BOAHK)mHX cnpoeKXHpOBaxb AonacxHyio CHCxeMy c bhcokhmh 
I SHeprexHqecKHMH h KaBHxauHOHHbiMH HOKaaaxeAUMH, AOAAien öasHpo- 

BaxbCH Ha HMeiomHXCH pacqexHHX h SKcnepHMenxaAbHbix AaHHbix no 
paapaöoxKe AonacxHbix CHCxeM 6 ah3Khx napaMexpOB. 

I ripu pemeHHH oöpaxHOH aaAaqn moäho HcnoAfa30Baxb abb noAxoAa: 

aaAaBaucb pacnpeAeAenneM MOMCHxa CKopocxH na hckomoh mökao- 
nacxHOH noBepxHOCxH b npouecce pemeHHH onpeACAHiox MepHAHO- 
HaAbHMH noxoK H 4)opMy AonacxH; npHHHMan (|)opMy MepHAHOHaAbHoro 
noxoKa, saAaiox pacnpeAeAenne MOMCHxa CKopocxH Vur na oahoh h 3 
KpOMOK AOnaCXH H AHHHH XOKa. 

OõpaxHaH saAaqa HMeex xaKxce abc nocxanoBKH: 

1. OcecuMMempuHHan oõpamnaH sadma — onpeACAeHHe (^opMbi 
öecKOHeqHo xohkoh AonacxH npH HSBecxHbix noBepXHOCXHX xoKa h cko- 
pocxHX ocecHMMexpnqHoro noxoKa. 

2. PetuemHaman oõpamHan sadma — onpeACAeuHe (JopMbi npo(|)H- 
ACH KOHeqHOH XOAmHHbl pemCTOK, pacnOAOAieHHblX Ha HSBCCTHblX no¬ 
BepXHOCXHX xoKa ocecHMMexpHqHoro noxoKa; npn sxom AonoAHHxeAbHO 
saAaexcH pacnpeACACHHe CKopocxefl na oahoh h 3 cxopoH npc(|)HAH 
(cm. [5]). 

PaccMOxpHM pemeHHe oöpaxHOÖ ocecHMMexpHqHoft saAaqn npH sa- 
AaHHOM MepHAHOHaAbHOM HOxoKe [7; 28], Koxopan rnnpoKO npHMCHH- 
excH B npaKXHKe pacqexa AonacxHbix cHCxeM. 
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Sa^auhr AopMa npoTÖ^HOH qacTH TypöHHbi h MepuÄHOHajibHbin 
noTOK c yHexoM ero CTecHCHHa jionacTaMH (naBecTHbi cocTa^atomf^ 
CKODOCTCH Vi U V^); 3Ha*ieHHa MOMCHTa CKOpOCTH Ha BXOÄe (üüObx — 
= L (J,) H BbixoÄe {VurU^ == h ('l^) «3 paöoqero KOJieca, CBHsaHHHe 
ÄJifl KaJKÄOH «sJieMeHTapHOH TypÖHHbi» ypaBHeHHCM Jl. Snjiepa 

== (Vur)ix — (c^uObux;. pemHM paõOTbi rypõHHbi (pacxoÄ, »iacTOTa 

tt) ' ■ w ^ 

BpamcHHH, Hanop); MepHÄHOHajibHaa npoeKUHH oähoh hs k^mok jio- 
nacTH (BXOÄHan hjih BbixoÄHaa) h pacnpeÄeJieHne Vur — f (i>) B^oJib 
Hee; saKOH cpa6oTKH MOMeHxa cKopocxH bägjib rpaHHHHOH jihhhh xoxa 
,j^r ’= f (qj) Ha nepHd)epHH hjih Bxy/iKe paöonero KO^eca. B xo^e npo- 
d)HjiHpoBaHHH onpeACJiHiox 4>opMy öecKOHeHHo xohkoh JionacxH. 

nojiyHHM ocHOBHbie pacHexHbie saBHCHMOCxH ÄJiH oomero cny^aa 
BHxpeBoro noTOKa na BXOAe b paõoHee KGJieco, a aaxeM ynpocxHM m 
flJiH cjiyqaa noxeHUHajibHoro noxoKa. Hcnojibayew saBHCHWGcxH (94) 
H (95). vcxaHaBJiHBaiom.He CBHSb Mexmy cocxaBJiHiomHMH cKGpocxeH 
noTOKa D,: (v„ = Vvl + vi)-, h (JiopMofl jionacTH (yrjiu a h P. 

PHC. 37). VpaBHeHHa (94) h (95) coAepjKax xpH HeHSBecTHHe BenHUHHU 

a- 6 H Vu. ^HCJIG HCHSBeCXHblX HeGÖXOÄHMO CBCCTH K ÄByM, ÄJIH HeXO 

B ypaBHeHHST (94) h (95) noÄCxaBHM SHaqeHHH = r; ctg P h ctg a: 


P - //, ÕQi ’ 

ctga- 


( 100 ) 


nocjie npeoÖpasoBaHHH ypaBHeHHH (94) h (95) npHHHMaiox bhä: 

r(i> — fy ^ 


1 ö(ü„r) dq. 


1 Ö//ot'2 


õHiVi 


H^T dq^ H-idqi ' HiH, dqi H1H.2 dq^ 
1 d ^ d (v^/) ^ ^ 


Hif dqi H.^dq^ ^7 ^^2 

. „ » a (VK: 

06o3HaqaH <73 = (p h l^3(«) — p. tl^dq^ 

HCHHA B XaKOM BHÄGI 


nepenHTueM sxh ypaB- 


v^r — r^o) d(p d<p ^ 

"" /^idqj~ ~~ Hzdq 

^^2 ti2dq-2 


( 101 ) 

( 102 ) 


B KanecxBe noBepxHOCxeH xoKa npiiHHMaiox noBepxHOcxH ^2 - 
== const. Ha Koxopbix ^ ^ ~ sxom ypaBHeHHe ( ) 

ynpoiuaexcH: 

(103) 

tiidqi r\^m 
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I 


I 

J 


I 
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.TaKHM oöpaaoM, 3aJ^a^a npcxJjHjiHpoBaHHH jionacxH cBOjiHxca k pe- 
lueHHK) CHCxeMbi ÄH 434 )epeHUHajibHbix ypaBHeHHÖ (102 ) h (103) b nacx- 
HblX npOHSBOÄHblX OXHOCHXejIbHO HeHSBeCXHblX <})yHKHHH q) H Vur npH 
onpeÄejieHHHX rpaHHqnbix ycjiOBHsx. HcKOMaa ())yHKHHH <p (Qi, ^2) 
cBHsaHa c (|)yHKH.HeH Vur {qi, q^) npH homoihh ÄH^^epeHUHajibHoro ypaB- 
HeHHH( 102 ). ZIjih pemeHHH aa^aMH Hcnojibsyiox HSBecxHbie HHCJieHHbie 
MexoÄbi, B qacxHOCXH uemod cemoK hjih Memod xapaKmepucmuK. 

B npaKXHKe npo(J)HJiHpoBaHHH Jionacxefi pa^tnajibHO-oceBbix paõo- 
HHx KOJiec ocoöeHHo uiHpoKO HpHMeHHiox Mexofl Bay3pc(J)ejibÄa [3; 7], 
ocHOBHbie ÄGnymeHHH Koxoporo cjieflyiomHe: noBepxHOcxb xoKa b ox- 
HOCHXeJIbHOM ÄBHHieHHH Sg (HCKOMaH CK.eJieXHaH nOBepXHOCXb JIOnaCXH) 
HBJI.qeXCH BHXpeBOH HOBepXHOCXbK); MepHÄHOHaJIbHbIK HOXOK HOTCH- 

HHajibHbiH Qu = 0; BÄGJib MepH^lHOHajibHbix ceqeHHH jionacxH, b tom 

HHCJie H BXO^HOH KpOMKH Vur = COHSt. FIpH 3XHX ^lOnymeHHHX HpCXjlH- 

JiHpoBaHHe JionacxH anaqHxejibHO ynpomaexcq. Z(jiq noBepxHocxH xoxa 
q^ = const npH sa^aHHOM MepHÄHonajibHOM noxoKe äjih paccMaxpH- 
BaeMOH noBepxHOcxH xoxa oöosHaqHM: Hidqi = ds\ = üm, a sjie- 
MeHxapHbiH yroji Menc^y coccähhmh paflHajibHbiMH ceqeHHHMH — d^ — 
= dq). Tor^a ypaBHeHHe (103) npHHHMaex bhä 


v.r — /"‘eo 


^X=-^ - ds. 


(104) 


HHxerpHpyq ypaBHenHH (104) ox BxoAa ao BbixoAa H3 paöoqero 
KOJieca, nojiyqaiox yroji oxBaxa jionacxH 


X = 



ds. 


(105) 


PaAHajibHbie ceqeHHH OecKoneqHo xohkoh jionacxH cxpoHX npn no- 
MOmH aaBHCHMOCXH (104). ypaBHCHHH (104) H (105) CnpaBeAAHBbl Ä*aH 
Bcex JiHHHH xoKa MepHAHOHajibHoro HoxeHHHajibHoro noxoKa, qxo npn 
saAaHHbix rpaHHqHbix ycjiOBHHX nosBOjinex nocxpoHXb eAHHCxBCHHyK) 
<|x)pMy JionacxH, ceqeHHH Koxopofl nOBepxHocxHMH xoKa yBHsaHbi wejKAy 
C 060 H. 

MexoA Bay3pc(|)ejibAa ocHOBan na AonymeHHH, qxo noBepXHOcxb 
jionacxH HBJiaexcH BHxpeBofl noBepxHOcxbK). MaxeMaxnqecKH 3 x 0 moäho 
aanHcaxb xaK: 


dhiwxQ) = 0, (106) 

TAe dl {dr, rd%-, dz) — sjieMCHxapHbiH BCKxop, jie^KamHH na noBepxHo- 
cxH õecKOHeqHO xohkoh AonacxH. 

B CKajiqpHOH (JiopMe b UHJiHHApHqecKOH chcxcmc KoopAHHax ypaBHe¬ 
HHe (106) HMeex bha 

dr rdy^ dz 

Wr Wu Wz = 0. (107) 

% 2^ 2, 
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PasBepHyB onpe;iejiHTejib, noJiy^aiOT 

(Wu^z — WzQu) dr -p {Wz^r — Wr^z) rdi -f {Wr^u — ^u^r) dz = 0. (108) 

npH HSBeCTHbIX KOMnOHCHTaX CKOpOCTH H BHXpfl B ROTOKe lIpH 

noMom.H ypaBHeHHfl (108) onpeÄCJiJiroT (J)opMy jionacra. IlpHHHMafl 
nocjiCÄOBaTejibHo b ypaBHenHH (108) z — const, x = const h r = const, 
noJiy*iaiOT TpH ypaBHenHR nocrpoeHHB ropHSOHTajibHbix, paÄHaJib- 
HblX H UHJlHHÄpH*ieCKHX ce^eHHK JIOnaCTH. 

ypaBHCHHe JIHHHH TOKa B OTHOCHT€JIbHOM nOTOKC MOXiHO xaKJKe 

iiojiyRHTb, paccMaxpHBaH ÄBHXieHHe qacxmxbi jkhäkocxh b paöo^eM ko- 
jiece (pHc. 40). 3a BpcMH dt hmciox mccxo jiHHCHHbie h yrjiOBbie nepe- 




Phc. 40. IlepeMemeHHe qacxHUbi jkhäkocth b paöoqeM KOJiece: 

a — cxeMa nepeMeii(eHH5i nacTHUbi jkhäkocth b^ojib JionacTH aa bpcmh 
dtx 6 — yrjiOBhie nepeMemcHHH ^acTHUbi aa epeMfl dt. 

McmeHHH qacxHUbi: bc\ d% — b oxHocHxejibHow ÄBHJKeHHH; ab\ mdi — 
B nepcHOCHOM ÄBHJKeHHH; üc = ab -]r bc, d6 = d% mät — b aöco- 
JIIOXHOM äBHMCHHH. 

yrjiOBoe nepeMemcHHe qacxHixbi b oxHocHxejibHOM ÄBHxteHHH onpe- 
ÄCJiHexcB no BbipajKeHHio: 


dy^ = dd — 


iodt — ~ dt — iodt 

r 




OxKy^a 


ds 


r^v. 




dx. 


KaK ÖHJio yKasaHO Ebiine (104), npH romoiuh nojiyqenHoro ypaane- 
HHH Mo>KHo ROCxpoHXb ceHCHHH öecKOHe^HO xoHKOH JionacxH noBCpxHO- 
CX5IMH XOKa. 


IIpaKXHqecKoe npHMeHenHe saBHCHMocxeö oÖpaxHoö sa^a^H juin 
pacMexa paAnajibHO-oceBbix, oceBbix n ÄHaronajibHbix paöoqnx KOJiec 
HBJiOÄeno B xjiaBax VI, VII n VIII. 

§ 17. OCHOBHbie SaBHCHMOCTH MepHAHOHaJIBHOrO 
B i^BpKyjiam^OHHoro botokob 

B npoTOBHOB BacTH rHAPOTyi)6nHi>i 

Hcxoäb h 3 panee CKasanHoro (cm. § 9) aöcojiioxHbiH noxoK b npo- 
XO^HOH qaCXH XHÄpOXypÖHHbl MOÄHO paSJIOÄHXb Ha MepuduOHOAbHUÜ 
H liupKyARiiuoHHbiu noxoKH. G)cxaBJiHiomHe noxoKH Moryx öbixb no- 
cxpoeHH H npoanajiHsnpoBaHbi ox- 
ÄeJibHO, a saxcM HaJioxienbi Äpyr 
na Äpyra. HajiojKeHHe coxokob hc 
MOÄeX ÖblTb npOHSBOJlbHHM, OHO 
ÄOJiJKHO y;xoBJiexBopHXb ycjiOBHio 
paBHOBecHH Bcex CHJi, ÄeficxByiomHx 
Ha Jiioöyio qacxHuy b noxoKC. HanpH- 
Mep, npn sa^aHHOM McpHÄHOHaJib- 
HOM noxoKe UHpKyjiHitnoHHbiH noxoK 
ÄOJUKCH ÖblXb npHHHX BnOJIHC ORpC- 
ÄeJicHHbiM, oõecne^HBaiomHM Bbinoji- 
HCHHe yCJIOBHH paBHOBeCHH B aöco- 
jiioxHOM noxoKC 121; 24]. 

MepHAHOHHJIbHblH nOTOK. JljlSi 
pac*iexa h anajiHBa JionacxHbix cnc- 

xeM H 0 o 6 xoäHMO SHaXb no- Phc. 41. Mepu^^ioHajibHUH hotok 

BepxHocxefl xoKa b paöoqeM KOJiece b nojiocTH rHÄpoxypöHHbi: 

(hJIH HanpaBJIHIOIUeM annapaxe). - - - paBHOCKopocraoö; — noxeHUHajibHbiA. 
Ecjin noxoK npHHHX ocecHMMexpnq- 

HbiM, xo ÄJiH onpeÄCJieHHH noBepxHocxefi xoKa ÄOcxaxo*iHo nocxpoHXb 
MepHÄHOHajibHbiH noxoK. riocxpoeHHe wepHÄHOHajibHoro noxoKa sa- 
KJiioqaexcH b onpcÄejieHHH jihhhh xoKa h CKopocxefi. B oömcM cjiy^iae 
MepHÄHOHaJlbHblH nOXOK BHXpCBOH; COCXaBJlHIOmaH BHXpH ^ 0^ 
xapaKxepnsyioinaH Epamenne nacxHU XKH^,Kocxn EOKpyr coöcxBeHHbix 
ocefl npn hx abhh^chhh eäojie jihhhh xoKa, HanpaBJicHa nepncHAHKy- 
JiapHO K MepHÄHOHaJIbHOH HJIOCKOCXH. ECJIH Q,, = 0, xo MepHÄHO- 
HaJIbHblH nOXOK nOXCHHHaJIbHblH. 

PaccMoxpHM ÄBe pasHOBHÄHOCxH MepHÄHOHajifaHoro noxoKa, npHMC- 
HHCMbie npH pacnexe paöoHHX KOjiec. 

PaBHOCKOpOCXHOH MCpHJlHOHaJlbHblH ROXOK 
npeztcxaBJiaex coõoio nacxHbiH cJiynaH BHxpeBoro McpHÄHOHajibHoro 
noxoKa (pHC. 41, a), b KOxopoM cpe^HHe CKopocxH B^,ojib paccMaxpn- 
BaCMOH HOpMaJIH K JIHHHHM XOKa = CORSt; BeJIHqHHa HX Ha paSJIHH- 
Hbix HopMajiHx saBHCHx ox pacxoAa h nonepcHHoro ceqeHHH noxona 
B nOJIOCXH. 

PaBHOCKOpOCXHOH RoxoK xapaKxcpHsyex OÄHOMepHoe xe*ieHHe b 
nOJIOCXH XHÄpOXypÕHHbl, B KOXOpOM ÄCHCXBHe UeHXpOÖeJKHblX CHJI Ha 
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*iacTHii.u npH noBopoxe noxoKa hs paÄHajibHorp nanpaBjieHHH b oceBoe 
«e yqHXbiBaeXCB- 

SjieMeHXapHblH paCXO^ COCe^HHMH nOBCpXHOCXHMH xoKa 

AQ — 2TzriAniVfn = = . . . =z2TzriAnp^ = const. 

OxciOÄa nojiyqaiox saBHCHMOCXb, xapaKxepHsyiomyio pacnojiOÄenHe 
JIHHHH XOKa; 

riA/ii = TgA/Zg = . • . —riArii = const. (109) 

OieÄOBaxejibHO, b paBHocKopocxHOM noxoKe jihhhh xoKa pacnojio- 
sKCKbi xaKHM oöpasoM, qxo KOJibUCBbie njiomaÄH Mcxc^y hhmh paBHbi. 

noxeHuiiajibHbiii MepHÄHOHajibHbiH noxoK 
(Q„ = 0) (pHC. 41, 6). Ecjih KOMnoHCHx npncoe/iHHeHHbix BHxpe- 
Bbix JIHHHH paBCH Hyjiio, JioHacxH pa6o*iero KOJieca hc ÄOJiHtHbi OKasH- 
Baxb B03;i,eHCXBHH Ha MepHÄHOHaJIbHbIH nOXOK. nOXeHHHaJIbHblH MC- 
pHÄHOHajibHbiH noxoK xapaKxepHsyex ÄByMepnoe xeqenne b hojiocxh 
XHÄ poxypÖHHbi. CjiCÄOBaxejibHO, SHaqeHHH CKopocxeK h ÄaBJiCHHH 
Pm BMPJlb HOpMaJieH K JIHHHHM XOKB HeO^HHaKOBbl. 

SjiCMeHxapHbie pacxoÄbi MeÄ;i,y coccähhmh noBepxHocxHMH xoKa 
onpCÄeJiHioxcH no BbipaHceHHio 

AQ — 2TzriAniVmi — ^tzr^An^Vmz = const. 

OxKyÄa 

riAnpmx = r^n^Vna = • • • ^riAnprni = const. (110) 

TaKHM oöpasoM, b noxcHUHajibHOM MepHÄHonajibHOM noxoKe njio- 
ma^H MCJKÄy coccähhmh jihhhhmh xoKa oöpaxno nponopuHonajibHbi 
MepH;^HOHaJIbHbIM CKopocxHM. B 30He noxoKa, ^;^e 3HaqeHHH MaKCH- 
MajibHbi, JIHHHH xoKa pacnojiOÄCHbi ryiue; y BxyjiKH paöoqero KOJieca 
MepH^HOHaJIbHbie CKOpOCXH MHHHMaJIbHbl (*IXO CJICÄyCX H3 yCJIOBHH 
— const), a BejinqHHbi oxpesKOB An HanöojibuiHe. Onpe^ejiHM 3a- 
BHCHMOCXb Me»(Äy pa3MepaMH H^iecK cexKH noxcHUHajibHoro noxoKa. 
KaK H3BeCXHO, B nOXCHUHaJIbHOM MCpHÄHOHaJIbHOM nOXOKC CKOpOCXb 
onpcÄCJiHexcH na^CHHCM noxenuHajia (p bäojib jihhhh xoKa: 


Vrr, = ~r 

ds 


ds 'As 


( 111 ) 


C ÄpyroH cxopoHbi, coxjiaciio ypaBHCHHK) nepaspbiBHOCXH, 

AQ 

~ 2nrAn ' 


( 112 ) 


ripHpaBHHBaH npaBfaie qacxH ypaBHCHHH (111) h (112), nojiyqaiox 


As 

An 


r 


Acp2ji 

~ÄQ 


— r • const. 


(113) 


J/qHXbiBaH ÄCHCXBHC ucHxpoõejKHbix CHJi Ha qacxHHu, onpeÄCJiHiox 
pacnpcAeJieHHc CKopocxeö baojib sKBunoxeHUHajibHOH jihhhh n — n. 
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4' 

« ■' S A - 


UeHxpoöejKHaa cnjiaV ÄeHcxByiomaa na qacxHiiy 41) njiomaÄbio 

dh 




dC=^df-^^^p'dadn-^, 
g ' P' g ^ P' * 

r^e p' — paÄHyc KpHBHSHbi jihhhh xoKa. 

rpaÄHCHX ÄaBJICHHH B HOXOKC B^OJIb HOpMBJIH 71 — 71 


(114) 


ds ' \ g P 


(115) 


rioCKOJIbKy MepKÄKOHaJIbKblH nOXOK npHHHX nOXeHHHaJIbKblM, SKCp- 
FHH B HCM nOCTOHHHa: 


+ -õ^ = const. 

7 2g 


(116) 


^ZlH^xJiepeKUHpyH EbipamcHHe (116) BAOJib HopwajiH ti —n, nojiyqaiox 


d'pm I 

T + ~ 


= 0. 


(117) 


Hocjie noÄCxanoBKH b ypaBHCHne (117) SHaqeHHH dp^ hs BbipajKC- 
HHH (116) 

XL « 

^dn^^dv^ = 0 

gp' g ^ 

H BbinojiHeHHH npeoõpasoBaHHH nojiyqaiox ^ncJxJiepeHHHajibHoe ypas- 
HCHHC, xapaKxepHsyiomee HSMCHeHHe CKOpocxK BÄOJib HopwaJiH 


^ + £22 = 0. 

* »l 


(118) 


B pesyjibxaxe HHxerpHpoBaHHa ypaBHeHHH (118) bäojib HopwajiH 
n—n ycxanaBJiHBaiox cooxHomeHHe MCJK^iy MepHÄHonajibHbiMH CKopo- 
cxHMH Ha xpaHHqHbix KOHxypax (o6oä h BxyjiKa paöoqero KOJieca) 


o6 


tiJ 

_ r dn ^ o6 _ 

“J ~ 


H saKOH pacnpenejiCHHH CKopocxeii b^ojib HopMajiH 


o6 — 


(119) 


r^e Vmo6 — McpHUHOHaJibHaa cKopocxb b xoqne nepeceqcHHH HopMajiH 
c oöoäom; Vm BT — McpHUHOHajibHaa CKopocxb y BxyjiKH. 

KaK cjiCAyex h 3 ypaBHCHHa (119), MepHÄHOHajibHan cKopocxb y 
o6o/^a öojifauie, qeM y BxyjiKH. SnaqeHHH CKopocxefi h hx HSMeneHHe 
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BÄOJIb HOpWaJieft TT — rt SaBHCBT OT OqepTaHHH KOHXypOB npOTOtIHOH 

«iacTH H pacxo^a. 

^HpKyJlfl^HOHHbIH noTOK, SaKpyTKa noTOKa BOKpyr och TypõHHbi 
cosÄaeTCfl rjiaBHUM oöpaaoM OTKJioHflioiii.HM B03;i,eHCTBHeM jionaTOK 
nanpaBJiaiomero annapaTa. OKpyJKHan cocxaBJiBioiuafl aöcojiioT- 
HOH CKOpOCTH XapaKTepHSyCT BpameHHe HHCTHUH HtHÄKOCTH BOKpyr 
OCH rHÄpoTypÖHHbi. Onpe^eaHM pacnpeAeJieHne ÄSBJieHHH bäojib pa- 
jtHyca npH npoHSBOJibHOM pacnpejieneHHH cocraBJisromeH v^^ b noTOKC- 



PhC. 42. IXHpKyjIHHHOHHUfi nOTOK B n0.nOCTH mjpOTypÖHHbi: 

a — K onpeaeneHHK) neHTpoöeÄHofl CHAbi, fleöcTayiomeft na qacTHi;y jkhä" 
kocth; õ — K BMÖopy saKona HSMCHeHHH oKpyÄHoft cocTaaJuiKHi^eH aoco- 

JliOTHOfi CKOpOCTH nOTOKa, 

Ha qacTHuy äh^kocth MaccoH dm (pHc. 42, a) npH ee BpameHHH 
BOKpyr OCH fH^pOTypÖHHbl CO CKOpOCTbK) ÄGHCTByCT ueHTpoõejKHafl 
cHJia 

dFc = dm^ = pbrdadr-^ . (120) 

BbiSbiBaeMaH ÄeöcTBHeM ueHTpoöejKHOH chjibi dFc cHJia ASBJieHHH 

dFp, fleficTByiomaH Ha noBepxHocxb paccMaxpHBaeMoro sjieMCHxa, onpe- 
;i,ejiHexcH no (})OpMyjie 

dFp = iPu + dpj {r + dr) bda — pj?r da — 

-.2(p„ + f^)fcdrsinf. (121) 

ripeHeöperafl BejiHHHHaMH öojiee BWCoKoro nopa^Ka MajiocxH, no- 

jiynaiox 

dFp=*brdadp^. (122) 
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BoSHHKaiOLUHe B UHpKyJIHUHOHHOM HOTOKC UeHXpOÖeJKHbie CHJIbl 
ypaBHOBeuiHBaioxcH chjibmh AasaeHHa, x. e. dFp = dFc • Hcxoah h3 
axoro ycjiOBHa naxoAax rpaAHenx AaBJieHna b paAHajibHOM HanpaBJieHHH 
(noxoK HeBasKHft, ACHCXBHeM CHJi xaÄecxH npeneöperaiox): 


pbül dr da = br da dp; 

dpu ^ 

= P — • 

dr ^ r 


(123) 


BbipaaceHHe (123) ycxanaBJiHBaex saBHCHMocxb MejKAy pacnpeAe- 
^eHHCM CKopocxH H AaBAeHHH p^ B noxoKe BAOJib paAHyca. üjih npn- 
HHXOrO SaKOHa HSMeHeHHH OKpyJKHOH CKOpOCXH — / (r) npH nOMOmH 
ypaBHCHHa (123) onpeAeJiaiox pacnpeAeJieHHe AaeaeHHa b noxoKe h, 
Haoöopox, saAaBuiHCb onpeABJieHHbiM saKOHOM HSMeHeHHH AaBJieHHa 
BÄOJIb paÄHyca, onpeACJiaiox pacnpeÄCJieHHe oKpyHCHofi cocxaBJiHiomeH 
CKOpoCXH == / (r). PaCCMOXpHM OCHOBHbie SaBHCHMOCXH UHpKyJia- 
UHOHHblX EiOXOKOB. 

rioxeHUHaÄfaHufi BHXpb (pHC. 42, 6). B nepaOoneM no- 
xoKe HeBHSKofl 3KHÄKOCTH yÄBJibHaa aneprHa noxoKa nocxoHHHa: 

-^ + -J- = const. (124) 

npoÄH^xJiepeHUHpoBaB ypaBHCHHe (124), 

dpu I dvu _Q 

onpeÄCJiaeM rpaÄHCHT ÄaBJiCHHH b hoxokc 


rioÄCxaBjiaa SHaneHHe dp^ b ypaBHCHHe (123) 

g U u r 


(125) 


H HHxerpHpya noJiyqeHHoe ÄH^xliepeHUHajibHoe ypaBHCHHe 

dvu _ dr 

~vl “7"’ 


(126) 


ycxanaBJiHBaeM saBHCHMocxb äJih noxoKa, onncbiBaeMoro noxeiiUHajib- 
HblM BHXpCMI 

üj/= const. (127) 

TaKHM oöpasoM, b noxenuHajibHOM UHpKyjiauHOHHOM noxoKe mo- 
MCHx cKopocxH — BejiHHHHa nocxoaHHaa. TaKoe pacnpeAejieHHe ok- 
pyjKHOH CKOpOCXH B nOXOKC MOXteX HHÄyUHpOBaXb BHXpeBOH IIJHyp, 
pasMemeHHbiH na och rHÄpoxypÖHHbi. 

HenoxeHunajibHbiH BHxpb, onHCbiBaeMHH saKOHOiw 
vj^ ^ const (pHC. 42, 6). B qacxHOM cAyqae npH sHaHCHHH m = —1 
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BpameHHe ähäkocth BOKpyr o6iu,eö och noOTHHHexcH saKOHy Bpame- 
HHH TBepÄoro TCJia: 


— = 0 ) = const. 

T 


( 128 ) 


ripH 3T0M rpaÄHCHT ÄaBJICHHH B nOTOKC 


dr T 


pcoV* 

r 


= pcöV. 


( 129 ) 


ripH pac^exe npoxo^HOH qacxH XHÄpoxypÖHHbi HeoöxoÄHMo npHHBXs 
xaKoe pacnpeÄGJieHHe CKopocxeö b uHpKyjiBUHOHHOM noxoKe, npH ko- 

XOpOM OHH, ÖyÄyMH CJIOJKCHHblMH CO CKOpOCXBMH MepHÄHOHajIbHOXO DOXO- 

Ka, oöecneqax xpeöycMbie xapaKxepncxHKH rH;i,poxyp6HHbi. B npaxxHKe 
npoeKXHpoBaHHH jionaxoK nanpaBJiHiomero annapaxa h jionacxefi pa- 
öoqero KOJieca uinpoKoe npHMeHeHHe naxoÄHx noxeHUHajibHUH unpKy- 
jiBUHOHHbiH noxoK vj = const. 

B aöcojiKDXHOM noxoKe xHÄpoxypÖHHbi HMeex Mecxo paBHOBCCHe ^eH- 
cxByiomHX cHJi npH onpeÄejieHHOM pacnpeÄe*/ieHHH cKopocxeH, ÄaBjie- 
HHH H SHepXHH B HCM. llpH 3X0M CJIOÄCHHe MepHÄHOKaJIbHOrO H UHpKyJ15I- 
UHOHHoro noxoKOB öasHpyexcH na ycjiOBBH paÄwajibHoro paBHÕBecHH 
[21], ÜJiB aõcojiioxHoro noxoxa cnpaBCÄJiHBbi cjiCÄyiomHe cooxHouieHHB: 

CKOpOCXb nOXOKa BBJineXCH BCKXOpHOH CyMMOH COCXaBJIBIOmHX CKO- 
pocxefi paccMoxpeHHbix eoxokob: ,, 


V = Vm + Vd, 


pesyjibXHpyiomee ÄaBJieHHC b paccMaxpHBaeMOH xo»iKe noxoKa paBBO 
ajireõpaHMecKOH cyMMe SHaqeHHÖ ÄaBJieHHH. MepHÄHOHajibHoro h uup- 
KyjiBUHOHHoro noxoKOB: 

P = Pm + PJ (120) 

yjieJibHaH SHepxHji aöcojiroxHoro noxoKa paBHa cyMMe 3HeprHH co- 
cxaBJiaioiHHX boxokob: 


E :=Em + E^ = 


Pm + Pu 


2g 


P I 

T 2g * 


(131) 


rjiasa II. nOflOBHE B THfliPABJIHHECKHX TyPBHHAX 

§ 18. yCJIOBHH, HeOÖXOÄHMbie 
ÄJifl oöecneneHHa no^oöna hotokob 

npHMeHHCMbie MexoÄbi pac^exa h nccjieÄOBaHna npoxo^HOÖ *iacTH 
rHÄpoxypÖHH HMeiox paA ynpomaiomHx AonymeHHH h hbjibioxch npii- 
ÖJiHXKeHHbiMH. PacqexHbiH anajiHS cnpoeKXHpoBaHHoft npoxoqHOH qacxH 
nosBOJiJiex npHÖJiHiaieHHO oueHHXb 3 HeprexHqecKHe h KaBHxauHOHHbie 
noKaaaxejiH pacc^HxaHHbix BapHanxoB, oxoöpaxb JiyquiHe h3 hhx aah 
H sroxoBJieHHH MOAejieö xHApoxypÖHH h hx 3 KcnepHMeHxajibHOH npo- 
BepKH. , 
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yAymueHHe npoxo^HOH qacxH xheob xHApoxypÖHH öasHpyexcH na 
coBMecxHOM HcnoAbSOBaHHH AaHHbix pacqexHbix h 3KcnepHMeHxajibHbix 
HccjieAOBaHHH. B npaKXHKe rHApoxypöocxpoeHHa mapoKo acnojibsyiOT 
pesyjibxaxbi onwxHbix HccAeAOBaHHH MOACAefi xHApoxypõHH, noAy*ieH- 
Hbie na cneuaajibHbix HcnbixaxejibHbix cxeHAax. PasMepbi MOAeJiea XHApo- 
xypÖHH H Hanopbi npa hx HcnbixaHHax HaMHoro MeHbiue HaxypHbix ana- 
qcHHH. ÜHaMexpbi paöoHHX koacc HcnbixbiBaeMbix MOACAefl HaxoAflTca 
B npeACJiax = 250 -f- 800 mm, a hx nanopbi H — 450 -i- A m. 

OnbixHoe HCCACAOBaHHe MOAeJiefi, Koxopoe aoaäho öasHpoBaxbca 
Ha saKOHax MOAeAHpoBaHHH (noAoÖHa) hoxokob, nosBOAsex: npaBHJibHO 
oöpaöoxaxb h anaAHSHpoBaxb AaHHbie sKcnepHMCHxa; npoeepHXb Ha- 
ACJKHOcxb MexoAOB pacHexa npoxoHHofi qacxH rHApoxypÕHH; onpeACJiHXb 
ycjioBHH npoBCAeHHa HcnbixaHHÖ pacqexHbix BapnaHxoB h MOAH4)HKa- 
HHH npoxoHHOH qacxH XHApoxypÖHHbi; onpeAeAHXb napaMexpbi h nocxpo- 
HXb xapaKxepHCXHKH HaxypHbix XHApoxypÖHH no AanHbiM MOACAbHbix 
HcnbixaHHH. 

HjIH BbinOJIHeHHH SaKOHOB nOAOÖHH nOXOKOB MOACAH H HaxypHOH 
XHApoxypÖHHbi HeoöxoAHMO oöecneHHXb reoMexpnqecKoe, KHHCMaxH- 
qecKoe h AHHaMHqecKoe noAOÖne [1; 7; 15; 22]. 

reoMexpnqecKoe noAoöne moabah [m] h naxypbi [h] 
osHaqaex nponopuHOHajibHocxb hx JiHHeÖHbix pasMepoB / h L h paBCH- 
CXBO COOXBCXCXBeHHblX yxjiOB: 

{-tl =(xl:)»- 032) 

KpoMe reoMexpHHecKoro noAoöna npoxoHHbix qacxefi neoöxoAHMo 
oöecneHHXb OAHHaKOBoe yxAOBoe nojiojKeHHe AonaxoK HanpaBAaiomero 
annapaxa h Aonacxeft paöonero KOAeca moacjih h HaxypnoH xHApoxyp- 
ÕHHH Ha HCCJieAyeMbix pencHMax. reoMexpnqecKoe noAoöne HBJiaexcH 
HeoöxoAHMbiM, HO HeAOCxaxoHHbiM ycjiOBHeM oöecneqeHHH noAOÖHH no- 
XOKOB H CHJI, AeHCXByiOIHHX Ha CXOACXBCHHbie SJieMCHXbl npOXOHHOH 
qacxH MOAejiH h Haxypnofi xHApoxypÕHHbi. 

_ KHHCMaxHqecKoe noAOÖHCB xHApaBJiHqecKHx xyp- 
ÖHHax osHanaex noAoöne nojiefi cKopocxefi noxoKOB moagjih (zjm) h na- 
xypHOH xypÖHHbi (üh). PejKHMbi paöoxbi AByx noAoOnbix xypÖHH, npn 
Koxopbix oöecneHHBaexcH noAoöne xpeyrojibHHKOB CKopocxefi b cxoa- 

CXBCHHblX XOHKaX HOXOKOB, HaSbIBaiOXCH USOaOHüÄbHblMU. 

TaKHM oöpaaoM, npn HajiHHHH KHHeMaxHnecKoro noAOÖHH CKopocxH 
H HX cocxaBJiHioiUHe B cxoACXBCHHbix xoHKax DOXOKOB nponop- 
HHOHajibHbi: 



ÜHHaMHqecKoe noAoöne HMeex Mecxo, ecjiH chjih, abh- 
cxByiomne b noxoKax na cxoAcxBCHHbie sjieMenxbi, nponopuHOHajibHbi. 
B sxpM cjiyqae aniopbi pacnpeAeACHHH ji,aBAeHHH na Jionacxnx paöoHHX 
KOJiec MOAeJiH H HaxypHOH xHApoxypÖHHbi öyAyx noAOÖHbiMu, qxo o6e- 
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cneqHT 6 jiH 3 KHe sHepreTHqeCKHe h KaBHTauHOHHbie noKasaxejiH ÄByx 
reoMerpK^iecKH noÄOÖHbix xypÖHH. 

ZlHHaMHqecKoe noAoöne oöecne^KBaercH nponopuHOHajibHocTbio 
CHJi, ÄCHCTByiomHx Ha cxoÄCTBCHHbie ajieweHTbi npoTOHHbix qacTefi mo- 
äcjih h HaxypHOH xypÖHHbi: 

(t)„ = [tI- 

B noxoKax ÄCHCXByiox paajiHHHbie chjih: xhhcccxh, HHepuHH, äbb- 
jieHHH, xpcHHH. Oöecne^HXb OÄHOBpeMCHHo noÄOÖHe Bcex chji hcbos- 
MOÄHO, H aasana saKJiioqaexcH b BbinojiHeHHH paBCHCXBa oxHomeHHÖ 
xex CHJI, Koxopue hbjihioxch npeoÖJianaiomHMH b hoxokc h onpeÄCJiHiox 
xapaKxepHcxHKH xypÖHHbi. B cbhsh c 3xhm b npaKXHKC HcnbixaHHÖ mo 
ÄCJ ieH XHupoxypÖHH oöecneqHBaexcH nacxHHHoe ÄHHaMHHccKoe no^o- 
ÖHe nOTOKOB. 

KpoMe xoro, oxHocHxeJibHbie noxepH anepxHH Mo.nejiH h Haxypnoö 
xypÖHHH He paBHbi (cm. xjiaBy III) h hx öespasMcpHbie xapaKxepncxHKH 
oxJiH^aioxcH. riosxoMy npH onpe^e-ncHKH sneprexHHecKHX h KaBHxa- 
UHOHHblX XapaKXepHCXHK HaxypHOH XHÄpOXypÖHHbl HeOÕXOÄHMO yHH- 
Tbisaxb BJiHHHHH MacuixaöoB pasMcpa H Hanopa. 


§ 19. ^HHaMH^ecKoe noAOÕHe hotokob b rHApoxypõHHax 

ÄJiH oÖecneqcHHH nojiHoro ÄHflaMHHeCKöro no;io6HH hoxokob xpe- 
öyexcH paBCHciBo KpHxepHCB PeÖHOJibÄca, Opy^a, Sfijiepa h Cxpyxajia 

Re = idem; Fr = idem; Eu = idein; Sh = idem. (135) 

ycjiOBHe (135) xpeöyex paBCHcxBa cjieÄyKDmnx oxHomeHHfi chji 
B noxoKax moucjih h naxypHOH xHÄpoxypÖHHbi: 

1- OxHOmCHHH CHJI HHCpUHH K CHJIBM xpCHHH: 

= = (136) 

r^e Vu\ Oh — cpeÄHHC xapaKxepHbie cKopocxH b paccMaxpHBaeMbix ce^e- 
HHHX hoxokob; Dim; D\k — jlHaMexpbi paöoHHX kojicc moäcjibhoh 
H HaxypHOH xypÖHHbI. 

HepaBCHcxBO qHceji Re hoxokob moäcjih h Haxypbi hphboähx k xowy, 
qxo KnZl HaxypHOH xypÖHHbi öojibuie Knü reoMCxpHqecKH ho/ioöhoh 
moäcjih (cm. rjiafiy III). 

2. OxHOmeHHH chji XHH^CCXH H HHCpUHH 



3. OxHOUieHHH chji HaBJICHHH H HHCpUHH B paCCMaxpHBaCMblX HO- 
TOKaX 



(138) 


r^e p U p„ - BeJIHHHHbl ÄaBJICHHH B CXOÄCXBCHHblX XOHKaX B HCBOSMy- 

meHHbix noxoKax moäcjih h naxypHofi xypÖHHbi cooxBexcxBCHHo; o«m 

H OcoH - BeJIHHHHbl CKOpOCXCH B HCBOSMymeHHblX HOXOKBX MOÄGJIH 

H,xyp6HHbi. TaKHM oöpasoM, paBCHcxBO HHceji Eu oöecneqHBaex, b qacx- 
HOCXH, noÄOÖHe sniop pacnpeÄCJieHHH ;iaBJieHHH Ha JionacxHX reoMCx- 
pnqecKH hoäoöhhx paöoHHX kojicc. 

4. B § 11 CKasaHO, qxo aöcojiioxHbiH hoxok b xypÖHHc hbjihcxch 
HC yCXaHOBHBUIHMCH. VcKOpCHHC B XBKOM HOXOKC HBJIHCXCH (JjyHKUHCH 
KOOpÄHHaX H BpCMCHH: 

dv _ . dv dy .dv dz _ 

dt dt ' dx dt ' dy di ' dz dt 


dv , dv , dv , 


dv 

'^äž’ 


jiOKajibHoe ycKopcHHC b paccMaxpHBacMOH xo^kc Hcycxano- 


BHBLUerOCH HOXOKa; ^'zäi — KOHBCKTHBKOe yCROpCHKC 

qacxHUH öjiaroAapH ksmchchhk) ee KOopÄHHax npH ABHJKeHHH b noxoKe. 

j^jiH oöecneqcHHH hoäoöhh ÄByx HeycxaHOBHBUiHXCH hoxokob ox- 
HOmeHHe KOHBCKXHBHOH H JIGKaJIbHOH yÄCJIbHblX CHJI HHCpUHH B CXOÄ" 
CXBCHHblX XOHKaX ÄOJIJKHO ÖblXb OUHHaKOBblM: 


dv . dv 

ri __!_ _ 

''xdx^''ydu 


dv , dv , dv 






dv dv 

dy dz 


(139) 


\ dvjdt Ju \ dvidt Jn' 

riepeHÄeM ox BejiHHHH, oxhochiuhxch k ÄBHJKymeficH qacxHue, k na- 
paMexpaM, xapaKxepHbiM piisi noxoKa b ucjiom. B cooxbcxcxbhh c khhc- 
MaXHHeCKHM HOUOÖHCM ÄByX HOXOKOB KOMHOHeHXbl CKOpOCXH HpOHOp- 
HHOHaJIbHbl CaMOH CKOpOCXH: 




O. 


Hs ycJiOBHH cymeexBOBaHHH reoMexpnqecKoro h KHHCMaxHqecKoro 
HOÄOÖHH cjiCÄyex, qxo 

dv dv dv V V 

- —- —- co — oo- 

dx' dy' dz L “ D, * 

r> dv V rr> 

B cboio oqepcÄb, — ^ täc T — xapaKxepHbiH npoMCÄyxoK 

BpeMCHH, HanpHMep BpeMH oahofo oöopoxa paöoqero KOJieca. 

B xoqKax noxoKa qepea paöoqee KOJieco, (JiHKCHpoBaHHbix oxhoch- 
xejibHO aöcojiioxHOH cHcxcMbi KOopAHHax, napäMexpbi noxoKa nepHO- 

rr 1 

/IHqecKH HOBXopaioxcfl c HHxepeajioM epeMCHH / = —, r^e n — qac- 

xoxa BpameHHH paöoqero KOJieca. OoACxaBHB b hcxoähoc ypaBHeHne 
(139) BejiHqHHbi, xapaKxepnbie äjih noxoKa, nojiyquM 
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HJIH 



JXjih HeycTaHOBHBiuHxcfl nepHO^HqecKHx botokob b reoMeTpH*iecKH 
noÄOÖHbix MOAejiH h HaxypHOH xypÖHHC paaeHCTBo qnceji CxpyxaJiB 
(140) oÖBsaxejibHO. 

§ 20. üpHBeAeHHBie sejin^nHBi 

HeKoxopbie oÖBCKXHBHbie npHSHHbi He bosbojihkdx oöecne^HXb noji- 
Horo noÄOÕHH boxokob moägjih h HaxypHOH xypÖHHbi. TaK KaK Ä^aMexp 
paöoqero KOJieca moäcjih h nanop ee HcnbixaHHH o6h*iho Menbuie, *ieM 
y HaxypHOH XHÄpoxypÖHHbi, qncjio PeHHOJib^ca Rew noxoKa MO^ejiH 
MeHbme Roh noxoKa b KaxypHOK rKÄpoxypõnne b 50—100 pas. Hmb- 
loxcH xaKjKe oxcxynjieHHH b reoMexpHnecKOM hoäoõhh Mo^eJiH h naxypbi, 
a HMeHHo: oxHocHxeJibHaa mepoxoBaxocxb A/D^ Mo^eJiH õojibuie, neivi 
HaxypHOH xypÕHHbi; oxHocHxeJibHbie sasopbi Mem^y paõoqHM KOJiecoM 
H HenOÄBHXKHbIMH SJieMeHXaMH H HX KOH4)HrypaHHH Ha MO^eJlH H Haxyp¬ 
HOH xypÕHHe pasHbie. KpoMe xoro, o^HonpeMeHHoe oõecne^eHHe no^o- 
ÕHH HOXOKOB HO qHCJiaM Re H Fr npn HcnojibsoBaHHH o^hoh h xoh jkc 
paõoqefl cpe^w HeBosMOxtHO. oõecneqeHHH paBencxBa qnceji 

Re == = idem b hoxokhx moäcjih h naxypHOH xypÕHHbi neoõxo- 

ÄHMO, qxoõbi CKOpOCXH HOXOKa MO^eJIH ÕblJIH ÕOJIbUie HaxypHbIX > 
> ÜH, TaK KaK Am < Di„. C ÄpyroH cxopoHbi, no^oõne hoxokob no qncjiy 
Opy^a (137) osnaqaex, qxo üm< ^h, tbk KaK Am< ^ih. Mxoõh oõec- 
neqHXb MHHHMajibHoe oxjiHqne qnceji Re hoxokob MO^ejiH h Haxypbi, 
MOÄejibHbie HcnbixaHHH npoBo^ax npH MaKCHMajibHo bosmoh^hhx nanopax 
/7m < Hh. C ÄpyroH cxopoHbi, noÄOÕHe no qncjiy d^py^a xpeõyex hchh- 
xaHHH MOAejiH npH nanopax Hm < Ha. TaKHM oõpasoM, oõecneqeHHe 
nojiHoro AHHaMHqecKoro hoaoõkh hoxokob hcbosmo^kho. 

B CBH3H c 3XHM Ha npaKXHKC cxpeMHXCH oõecneqHXb nojioõne xojibko 
no xeM cHJiaM, Koxopbie hbjihioxch onpeÄeJi5iioiii.HMH b paccMaxpHBae- 
Mbix noxoKax. TaK, nanpHMep, npn HCObixaHHH MO^ejieH HHSKOHanop- 
Hbix oceBbix FHÄpoxypõHH, pasMepbi naxypHbix paõoqnx KOJiec (Dj, m) 
Koxopbix conocxaBHMbi c BejiHHHHaMH HanopoB (Hm) na xypÕHHe, äch- 
CXBHCM CHJi Xfl>KecxH npcHeõperaxb HCJibSH. B ^aHHOM cjiyqae no^oÕHe 
no qHCJiy <t>py;];a HBJiaexca oõasaxejibHbiM. 

SneprexHqecKHe h KaBHxauHOHHbie xapaKxepHCXHKH xHÄpoxypÕHHbi 
cymecxBeHHo saBHcax ox xapaKxepa pacnpeÄejieHHH ÄaBJiennH na Jio- 
nacxflx paõoqero KOJieca, Oo^oÕHe sniop ^aBJieHHH na oõxeKaeMbix no- 
xoKaMH noBepxHocxHX reoMexpnqecKH hoaoõhhx MOAeJiK h HaxypnoH 
xypÕHHbi B03MOÄHO B XOM cjiyqae, ecJiH oöecneqeHo paBencxBO qnceji 
SÖJiepa Eu h CxpyxajiH Sh. B npaKXHKe xHApoxypõocxpoeHHH npHHHXO 
KpHxepHH noÄOÕHH Eu BbipajKaxb qepes KOMÖHnauHio BeJinqHH, xapaK- 
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\ 


1 


I 


xepHsyioiUHX pencHM paõoxbi (pacxoÄ Q, nanop H) h ^HaMexp Dj xyp- 

ÕlIHbl 



l6pÕ^ 



(141) 


r^e V — cpeÄHHH xapaKxepHaa cKopocxb noxoKa b paõoqeM KOJiece. 
BejiHqHHa 

Qi'=rr^. (142) 

Dl YH 


HasbiBaeMaa npHBeAeHHbiM pacxo^oM (ycjioBHO npiiHHxa pasMepnocxb 
B 7z/c), xapaKxepnayex nponycKHyio cnocoÖHocxb xHÄpoxypÕHHbi. Hpu- 
eedeuHbLü pacxoö qncjieHHo paBen pacxo^y qepes xanyio reoMexpnqecKH 
noÄOÕHyio THÄpoxypÕHHy, Koxopaa HMeex ÄHaMexp = \ m h paõo- 
xaex npn nanope H = l m. CjieÄOBaxejibHO, oõecneqeHHe Ha Hsoronajib- 
Hbix pe>KHMax MOAejiH H HaxypHOH xypÕHHbi paBHbix SHaqeHHH Q/, a/c, 
paBHosHaqHo BbinojiHeHHio noÄOÖHH no qncjiy Eu. 

/XpyxHM BajKHbiM KpHxepneM noÄOÕHH XHÄpoxypÕHH HBJiaexcH qncjio 
CxpyxajiH, yqnxbiBaiomee ÄeflcxBHe HnepuHOHHbix chji b HeycxanoBHB- 
üiHxcH noxoKax. Hhcjio Sh Moncer õbixb BbipajKeno qepes ‘ xaKHe napa- 
Mexpbi xypÕHH, KaK qacxoxa BpameHHH paõoqero KOJieca n, o6/muh, 
ÄHaMexp Dl H Hanop H: 


vT V2gH. 60 _VgVD _yg 

“ £>1 ~ Diti ~ nDi ~~ n: 


(143) 


BejiHqHHa 


n{ 


(144) 


HasbiBaexcH npueedeuHöiM hucaom oõopomoe h qHCJieHHo paana qncjiy 
oöopoxoB reoMexpHqecKH noAOÖHon xypÕHHbi ^HaMexpoM = l m 
npH Hanope H = \ m (ycjioBHan pasMepHocxb — oö/muh). 

B npaKXHKe oõpaöoxKH onbixHbix naHHbix Mo^e^ieö rHÄpoxypÕHK 
H Hx nepecqexa na naxypnbie rHÄpoxypÕHHbi nojibsyioxcn xaKHce ;[i,py- 
rHMH npHBCAeHHblMH BCJIHqHHaMH, HanpHMep npHBe^eHHOH MOmHOCXblo: 




DlH Vh ■ 


(145) 


npHBe;i,eHHbie BejiHHHKbi, onpe^ejuieMbie b npouecce HcnbixaHHH 
MOfleiaeH, Hcnojibsyiox b xbkhx uejiHx: äjih onpeACJieHHH pacxoAa, qac- 
xoxbi BpameHHH, MoiuHocxH H ÄpyrHX BejiHqHH cepHH reoMexpHqecKH 
noflOÕHbix FHApoxypÕHH pasHbix pasMepoB, paõoxaioiHHx npH pasjinq- 
Hbix Hanopax; cpaBHeHHH Me>KAy coöoh xypÕHH, HMeiomHx pasJiHq- 
nyio 4)opMy npoxoqHOH qacxH. 
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OxHomeHHJ! npHBeAeHHHx bcjih^ihh pacxoAa h oöopoTOB HaxypHOH 
rwÄpoTypÖHHbi H moäcjih Ha HsoroHajibHbix pe>KHMax c yneTOM otjihhhh 
HX THÄpaBJIHHeCKHX KIIZI. OnpCAeJIHIOTCH no BbipaÄeHHHMI 




(146) 


FAC TJr. H H T]r. M — THÄpaBJIHqeCKHe KFI/I HaTypHOH XypÖHHbl H MOÄeJIH. 

nepecqex Äannbix HcnuxaHHfi moagjih (Q/, /zi, tj, o) na reoMexpHqecKH 
nQäoÖHyfO HaxypHyK) xypÖHHy paccMoxpcH b rjiase III. 

Ecjih b 4)opMy/ibi (142) h (144) noÄCxaBHXb sHaneHHC He nojiHoro, 
a nojiesHO cpaöaxHBaeMoro Ha xypõnne nanopa (r}r/f), noJiynHM npHBe- 
ÄCHHbie CepHHHbie BeJIHHHHbl. BCJIHqHHbl paBHbl ÄJIH BCefl CepHH 

reoMexpHqecKH noAOÖHbix xypÖHH neaaBHCHMO ox hx pasMepoB (oxjih- 
qneM o6T>eMHbix noxepb npeneõperaeM) h Moryx õbixb BbWHCJieHbi npn 
noMomH cjieÄyioiHHx BHpajKeHHfi: 



(147) 


7I.JI5I OnpeÄCJieHHH CepHHHbIX npHBCÄeHHblX BCJIHqHH HeoÕXOÄHMO 
saMepHXb XHÄpaBjiHqecKHH mombhx Ha Bajiy moäcjih xypÖHHbi h BbWHC- 
jiHXb xHÄpaBJiHqecKHH KHK MOÄejrn. 

CoOTHOmeHHH (146) Mexi^y npHBej^eHHblMH BeJIHHHHaMH MOÄ-GJIH 
H HaxypHOH xypÕHHbi cnpaBeÄJiHBH npH HajiHHHH noJiHoro hoaoõkh 
npoTOHHbix qacxeü. B npaKXHKC BOSMoxiHU cjiynan HeKoxoporo oxjih- 
HHH npoxoHHbix Hacxefi Moj:ie;iH h Haxypnoft xypÕHHH (nanpHMep, chh- 
pajibHbix Kawep hjih oxcacbiBaioiUHX xpy6), nxo xpeöyex BBeAeHHH äo- 
HOJiHHxejibHbix sKcnepHMeHxaJibHbix nonpanoK npH nepecqexe xapax- 
xepHcxHK moäcjih Ha naxypHyio rHÄpoxypÖHKy. 


§ 21. XapaKxepHCTHHecKHe K034)4>HHHeHTbi rHffpoTypöHH 


Kax õbiJio oTMeneHO panee, b noxoKax noÄoÕHbix xypÖHH xpeyrojib- 

HHKH CKOpOCXeft B CXOÄCXBeHHbIX XOHKBX HO^^OÖHbl. Hs paCCMOXpeHHH 
BxoÄHoro xpeyrojibHHKa CKopocxefi (pHC. 32) na ocHOBaHHH xeopeMbi 
CHHyCOB 

-(148) 

sin Pi sin [jt — (aj -j- p^)] sin 

rioÄCxaBHB B (148) sHaneHKe Ui ^ — hs ypaBHeHun JI. Sfljiepa 

üJiH HopMajibHoro BbiXQna noxoKa h 3 paõoqero KOJieca, noJiynHM 


Vj 

sinPi 
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OxKyAa 


vi = K,y2g-,,M. 


(149) 


AHajiorHHHo, nocjie noÄCxanoB^KH b ypaBHenne (148) sHaqeHHH 
^1- nojiynHM 


Ui eos Cj 


Ux — Kui 2gTJr7/. 


(150) 


BejiHHHHbi Kül H Kuif HasbiBaeMbie ckopocxhmmh, hjih xapaKxepH- 
cxHqecKHMH K 03 (j 4 )HHHeHTaMH Ha bXoäc b paõoqee KOJieco: 


_ 1 /_ sin Px _, 

y 2 eos aj sin [ji—(“i + Pi)] ’ 

K _ -i/ sin[Ji —(gj 4-pi)l~ 
r 2 sin Pj eos oj 


(151) 


AnajiorHHHo Moryx õhxb noJiyqenH BbipajKeHHH äJih ocxajibHbix cko- 
pOCXHMX K034)4)HUHeHX0B Kw\ Kvm\ Kvu ^a BXOÄC, 3 XaKÄC Ha BblXOÄe 
H3 paõonero KOJieea. Hs BbipajKeHHH (151) cjieAyex, nxo sHaneHHH xa- 

paKXepHCXHHeCKHX K034xj)HHHeHX0B OnpeAeJIHIOXCH (JlOpMOfi JlOnaCXHOH 
CHCxeMbi H He saBHCHx ox pasMepoB h nanopa xypÕHHbi. J(jih cepHH reo- 
MexpHqecKH hoäoõhhx xypÖHH na nsoroHajibHbix pexcHMax paõoxbi cko- 
poexHbie Kos^xJiHHHeHXbi paBHbi (npHHHMan tJm tJh)- PaBCHcxBo 
xapaKxepHCXHnecKHX KOS^J^uneHxoB moäcjih h naxypHoö xypÕHHbi 
oöecneqHBaex OAHHaKOBHe sHaneHHH hx npHBeÄCHHbix BejiHHHH. 

Mexyiy npHBeÄCHHbiMH BejiHMHnaMH h xapaKxepHcxnqecKHMH ko 3(J)- 
(jÄiUHCHTaMH cymecxByex onpenejieHHan cBHSb [221. Bbipa>KeHHH 

ÄJIH OKpyJKHOH CKOpOCXH Ku^V^^^rgf^ = HOCJie HOACXaHOBKH 

SHaqeHHH Dx = l m h H = l m noJiynHM 


, 60/(„, VigVr 

- 


(152) 


Mo>kho xaK>Ke ycxanoBHXb aaBHCHMocxH Mexi^y pacxo^oM, moihho- 
CTbK) H xapaKxepHCTHqecKHMH K03(})4)HHHeHxaMH xypÕHHbi. PacxoA qepes 
paöonee Kojieco 



(153) 


rÄ€ Fz = ccDj — HJiomaÄb BbixoAHbix KaHajioB paõonero KOJieea; 
Kw 2 — CKOpOCXHOH K03(^HHHeHT OXHOCHXejIbHOH CKOpOCTH HS BblXOAO 
H3 paõoqero KOJieea. 

Pacxo;^ qepes xypÖHHy 


Qt = 


aDX./2CTrW 


(154) 


TAe Tio — oõbeMHbiH KnjX, yqHXbiBaioiHHH npoxeqKH boäm b oöxoä pa- 
õonero KOJieea. 
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ripÄCTaBHB B BfaipaÄCHHe (154) 3Ha*I0HHH Dx — 1 -M H // — 1 Mf 
noJiY^iHM 


aK 2ffin, 

''Wz ® ‘f 

Vi -- - 


(165) 


AHaJioriwHO sanHiueM BHpaJKeHHC rji^i npHBeÄeHHOH MomHOCTH 
xypÖHHbi: 

102DIhVh~~^' 102^0 • 


BfaipasHM vpaBHeHHH sHeprHH rHÄPOxypÖHH (cm. § 12) qepea xa- 
paKxepHCTHqecKHe Kos^xJJHUHeHXbi. ypaBHeHHC sHepxHH 


^2 - y2 


nocjie ÄGJieHHH KaJKÄoro qjiena na "firH npHHHMaex bh;i 

1 = p + Kvi + Kvz- 


(157) 


ypaBHeHHe Jl. Sfijiepa äJih cjiyqaa HOpMajibHoro BbixoAa noxoKa 
H3 paöoqero KOJieca yirgH — ^uzUx nocjie ÄCJieHHa JieBofi h npaBofi 
qacxefi na "firgH npHHHMaex xaKOH bhh: 


1 = ^KutKo^ 


(158) 


SnaqeHHH xapaKxepHcxnqecKHx K094)^HUHeHxoB naroxoBJieHHbix 
^HJ^poxyp6HH (pnc. 43) moäho HcnoJibsoBaxb npH pacnexe hobhx pa- 

J^HHX KOJieC paaJIHHHOH ÖblCXpOXOÄHOCXH rig. 

CooTHomeHHH MejKÄy napaMexpaMH no^oö- 
Hbix TypÖHH npH coxpaneHHH pejKHMa paöoxbi 
1131. Hs noÄOÖHH xpeyroJibHHKOB cKopocxeft b cxoACXBeHHbix xoHKax 
fljiH ÄByx reoMexpHHecKH noÄOÖHbix xHApoxypÖHH, paöoxaiomHx na 
HSoronajibHbix pejKHMax, cjiCÄyex: 




(159) 


OXHOineHHH OKpyJKHbIX H MepHÄHOHajIbHbIX cKopocxefi MOAGJIH 
H HaxypnoH xypÖHHbi: 


^1h”h 




(160) 

( 161 ) 
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noGJie noÄCxaHGBKH B ypaBHeHHe (159) oxHomeHHH CKopocxefi (160) 
H (161) nojiyqacM 

Qm 






(162) 


TaKHM oöpasoM, na HaoronajibHHX pex<HMax paöoxbi reoMexpnqecKH 
nOÄOÖHHX XypÖHH BbinOJIHHeXCH yCJIOBHe 

= idem. {163> 

K- 






Phc. 43. 

jÜJlH 

paöoxbi 


20 30 ns 0 fOO 200 300 m 500 600 700 600 900 ns 

Koõinoõbie Padua/iMo-ocedbie Oceõtte 

SHaneHHÄ CKOpOCTHUX K034)$HUHeHTOB rHÄpOTypÕHH paaJIHMHOH ÖHCTpo- 

XOÄHOCTH. 

QHHOH H xoH JKe lypÖHHbi (Dj = const) Ha pasHbix pexiHMax 


—■ = idem. 


(164) 


OxHomeHHe OKpyjKHbix CKopocxeö ^Byx no;i,o6Hbix tvpõhh, vqnxbi- 
Baa (150), ^ 


Ha BbipaxieHHH (165) Haxo^HM csasb MejK^y qacxoxoH BpameHHH 
ÄByx xypÖHH, paöoxaiomHX na HaoronajibHOM peÄHSie: 


^ /~ 1 ^r. H 

y y "^r, M 


( 166 ) 
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CorJiacHO B^asceHHio (154), OTHomenHe paexojloB ÄByx reoMCTpH- 
'leCKH nOÄOÖHbIX TypÖHH 


Qh _ ^\TI , /~ I /~ H 


(167) 


HmCH B BHAy, ^TO MOIHHOCTb 


xypÖHHbi N = 


•yQ/Zi) 
102 ’ 


üieHHC MDmHOCTeft: 


HaXOÄHM OTHO- 


JVh of„ /jh, 

“ D? ■ |/ H„ ’)„ |/ Im ■ 

*" IM 


(168) 


OpHHHMaji Dim = 1 ^ h Hk = 1 jw, npH noMomn saBHCHMOCTefl 
<166), (167) H (168) onpe;ie;iJieM napaMexpbi HaxypHoö rnÄpoxypÖHHbi, 
BbipajKCHHbie qepcs npHBeÄCHHbie BCJiHqHHbi moäcjih: 

= (169) 

^iH V Jm 

q. = q/dLKK|/ (ITO) 

«„ = 9,81Df»(3,'Ti„|/^ (171) 


B nepBOM npHÖJiHÄeHHH, nojiaraa tjm = tIh, nojiyqacM 

niVir^ 

/z«- ^ 

Qh = Qi Dih //h', 

Nk = 9,81Z)ihQi7/h 7/h'7Jh- 


(172) 

(173) 

(174) 


OnpeASJieHHe napaMexpoB naxypHofi xHÄpoxypÖHHbi no ^aHHibiM 
HcnbixaHHH Mo;iejiH EbinoJinneM c yqexoM oxjinqHa Knjl, n npiiBe^GH- 
Hbix BejTHqHH MOÄeJibHOH H HaxypHOH rHÄpoxypÖHH (cM. §§ 45, 46). Sna- 
qeHHH npHBe^eHHbix BejinqHH pacxoAa h qacxoxH BpameHHH äJIh na- 
xypHOH xypÖHHbi: 

Qi'„ = Qi'« + AQ; ; (175) 

niii = tiiu ■(“ An[. (176) 


rionpaBKH AQi h An{ BbmHCJiBKDX npn noMomu Bbipa>KeHHH. 

AQ,- = <3.-„„(]/|-l); (177) 

Am' = n;,„.(|/ ^-l). (178) 
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§ 22. Kba^i^m^neHT ömctpoxoähocth 

H KJiaccH^nKaiuHa rn;]jH)Typ6HH no 6i>icTpoxoAHOCTn 

npH npoeKXHpoBaHHH H HccJieÄOBaHHH rHÄpoxypÖHH nojibsyioxcH 
KpHXepHCM, KOXOpblH OÄHOBpCMeHHO OÕbCÄHHHeX xaKHC napaMBXpbl xyp¬ 
ÖHHbi, KaK qacxoxa BpameHHH, MomHOcxb h nanop. 3xox cyMMapHbifi no- 
Kaaaxejib, HasbiBaeMbifi KOB^tpui^ueHtnoM ÕbicmpoxodHocmu ttg, cnyiHiHX 
ÄJiH cpaBHeHHH Mengiy coÖoh paaJiHHHbix chcxom rHÄpoxypÖHH h theob 
paöoHHx Kojiec [18; 22]. Ko3(J)4)imHeHX öbicxpoxoÄHocxH (hjih npocxo 
öbicxpoxoAHOcxb) qHCJieHHo paBeH qacxoxe BpameHHji b MHHyxy reoMex- 
pHqecKH noAoÖHOH xypÖHHbi AaHHofi cepHH, Koxopaa HMeex xaKHe pas- 
MepH, qxo npH nanope H = l m ona pasBHsaex MoiiiKocxb N = \ a. c. 
BHpa>KeHHe Koa^xliHnHeHxa öbicxpoxoAHOCXH mo>kho nojiyqHXb, Hcnojib- 
ayn shbhchmocxh (166) h (168). B nepBOM npHÖJiHJKeHHH nojiaraeM, qxo 
noJiHHC KO/I. rH;],poxyp 6 HH ÄaHHofi cepHH o^HnaKOEH. noACxaBHB 

B aasHCHMocxb (168) oxHomeHHe | / ^ H3 ypaBHCHHH 

(166), nojiyqacM 


OxKy^a 


ix 

h^hIVh,- 


(179) 


(180) 


CorjiacHo onpeÄejiCHHio Koa^iJjiHUHeHxa öbicxpoxoÄHOcxH npH //*, = 
s= 1 H Nm = I A. c. /Zm = /Zj. npeoöpasya saBHCHMOcxb (179), 
nojiyqacM BbipaxceHHe äjih K03(i)(|)HHHeHxa öucxpoxoÄHocxH 


ns = 


hYh 


(181) 


B xoM cjiyqae, ecjiH Momnocxb xypÖHHbi saAana b KHJiOBaxxax, 
ypaBHCHHe (181) npHHHMaex bh;i; 

i,i6rt VKZ 

BejiHqHHa Mo>Kex öbixb onpejiejieHa b pasjinqnoH cHcxeMC e^HHKii. 

Bbipa>KeHH5i (181) h (182) coÄepHcax ocHOBHbie napaMexpbi, na ko- 
Topbie npoeKXHpyiox XHÄpoxypÖHHy. B cooxBexcxBHii c HafiÄeHHbiM sna- 
qcHHeM BbiÖHpaiox cooxBexcxByiomHH xnn xypÖHHbi, Haiiöojiee no^,- 
xoj,simHH ;i,ji5i 3a;iaHHbix ycJioBHH. BejiHqimy K0S(]x])HnHeHxa öbicxpo 
xo/iHocxH rH;3,poxyp6HHbi MOHiHO BbipasHXb xaioKe qepea npHBeAeHHbie 
BejiHqHHbi, BbinojiHHB HeKoxopbie npeoöpasoBaHHH ypaBHCHHH (181): 

n = = ni 1 Z' • 

' Vf} D,VhV^ y 75 DIhVu' . ( 183 ) 


«s = 


( 183 ) 


rig = 3,65/zi' y Q{ tj. 


4 7-204 
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1 


’ npH H3MeHeHHH pCHCHMa paÖOTbl TypÖHHbl npHBeÄCHHbie BCJIH^qHHbl 
MeH5!K)TC5I. ÖOSTOMy RJlfi CpaBH6HHH TypÖHH pa3JIH*IHbIX CHCTCM 
HJiH TunoB paõo^HX KOJiec BbmHCJieHHe na^o npoBOAHTb OÄHHa- 
KOBbix pe^iHMOB pa6oTbi. SnaqeHHH Kos^HUHeHxa 6bicTpoxo;iHOCTH 
Moryx öbJTb BbiqHCJieHH ÄJifl onxHMajibHoro pe>KHMa paöoxbi xypÖHHbi 
H pe^HMa HOMHHajTbHOH (pacqexHoft) moiuhocth, 

B npaKXHKeoxeqecTBeHHoro rHÄpoxypöoexpoeHHs BejiHmmy qame 
OnpeA&nSIOXÄJm pe^KHMa HOMHHaJIbHOfi MOmHOCXH XypÖHHbl, FIoCKOJIbKy 
BejinqHHa o^HospeMeHHO xapaKxepHsyex qacxory BpaineHHSi h npo- 



Phc. 44. OopMa H pasMepu paöo^Hx KOJiec rHÄpoxypÖHH pasJiH^iHOH öbictpoxoähocth 

npH N — l A. c. H H — l M. 


nycKHyio cnocoÖHocfb, xHÄpoxypÖHHbi pasHofl õbicxpoxoÄHocxH pas- 
jiHqaioxc5i Me^jiy co6oh 4)opMOH npoxoqnoH qacxH h npejK^G bcgxo pa- 
öoqHX KOJiec. Flpn yBejiHqeHHH 6bicxpoxoi],HOCTH pasMepbi xypÖHHbi 
yMeHbiuaioxcH (pnc. 44). FIosxoMy npH npoeKXHpoBaHHH rHflpoxypÖHHbi 
cjie^yex Bbiöpaxb xaKOH xHn paöoqero KOJieca h sHaqeHHe tig na pacqex- 
HOM pejKHMe, qxoöbi pasMepbi h bgg XHApoarperaxa öbUiH HaHMeHbuiHMH. 

Ha BbipajKCHHH (183) cJieAyex, qxo yBejiHqenHe öbicxpoxoÄHOcxH 
xypÖHHbi MO>Kex öbixb AocxHXHyxo aa cqex pocxa npHBejieHHbix o 6 opo- 
xoB H pacxojia. Hejiecooöpaanee yBejmqnxb tig aa cqex öoJibinefi npo- 

nycKHOH cnocoÖHocxHxypÖHHbi, xaK KaK npH 3X0M ee jinaiviexp (npH oaj 

HOH H xoH >Ke moiuhocxh) MeHbLue, a qacxoxa BpameHHB ocxaexcH xaKOH 
>Ke, KBK y XypÖHHbl paBHOH ÖblCXpOXOAHOCXH, HO HMeiOIHefi ÖOJIblliee 
3HaqeHHe ni (cm. ypaBHCHHH 169 h 171). TaKHM o6pa30M, bo 3 Moäho 

C03ÄaHHe XHJipOXypÖHH OäHOH H XOH HCe ÖblCXpOXOAHOCXH, HO C pa3JIHq- 
HblMH (|)OpMaMH npOXOHHOH qaCXH H XapaKXepHCXHKaMH. 
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Ko3(Jx})HUHeHXbi öbicxpoxoÄHOcxH ÄByx reoMexpHqecKH noAOÖHbix 
THÄpoxypÖHH pa3HHX pasMcpoB Ha H3oroHajibHbix pejKHMax paöoxbi 
He paBHbi BCJieflCXBHe oxjinqHB hx KUJX. PaccMaxpHBaa oxHouieHHH 
(180) 0 yqexoM oxjiHqHH KHH Moji,ejibHOH h naxypHOH rHÄpoxypÖHH 
H npHHHMaH BO BHHMaHHe ypaBHGHHH (166) H (168), npHXOÄHM K Bbl- 
BOÄy, *ITO ÖblCXpOXOÄHOGXb HaxypHOH XypÖHHbl ÖOJIblUe: 


/ 'Jh 

— I • (1S4) 



CymecxByex cjieÄyromaH KJiaccHiJiHKauHH XHÄpoxypÖHH b aaBiicH- 
MOCXH OX BeJIHqHHbl ngl XHXOXO^Hbie, HOpMajIbHOH ÖblCXpOXOÄHOCXH, 
ÖHcxpoxoAHbie. MHCJieHHbie sHaqeHHü ajih najKjioro KJiacca h chc- 
xeMH xypÖHH paaHbie h aaBHCHX ox xHna paöoqero KOJieca (xaÖJi. 3). 


TaÕAUtfa 3. KjiaccH(})HKauH5i rHaporypfHH no Gwctpoxoähocth 


XkO TypÖKHU 

/iHanaaoH 

HanopoB 

H. M 

BhlCTpOXOJlHOCTb rl^ TypÖHH 

I 

X HxoxoflHbie 

HopMajibHtje 

1 BbiCTpoxojiHbie 

KoBinoBbie 

300—2000 

4—15 

15—25 

25—60 



II 

(2„ = 2-4) 

(2o = 5 - 6) 

PaaHajibHo-oceBhie 

40—700 

80—150 

150—250 

150—450 

TiHaroHaJibHbie 

30—200 

230—280 

280—340 

340—500 

OceBfaie 

3—80 

350—450 

450—650 

650—1100 


4* 
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TaõAuna 4. reoMCTpHHecKHe h rHÄpaejiHqeeKHe napaMcrpM rHÄpoTypÖHH pasjiHHHofi öuctpoxoähocth 
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riapaMerpM rHÄpoxypÖHH paajiHqaofi öhctpqxoähocth npaBe^eHH 
B xaÖJi. 4 . OöJiacxH hx npaMeneHHa no nanopaM h öhicxpoxoÄHOcxH (pe- 
KOMeHAauHH «OoHx») npeACxaBAeHbi na pnc. 45 . npHMeneHHe pasAHq- 
Hbix xnnoB paöoqnx koabc b saBHCHMocxn ox nanopa onpeACAHexcH ne 
TOAbKO rHApaSAHqeCKHMH, HO H npoqHOCXHbIMH XapaKXepHCXHKaMH 
rHApoxypÖHHbi H renepaxopa. B XHApoxypöocxpoeHHH naöaioAaexcH 
nocxoHHHaa xeHAeHUHa noBHUieHHH öucxpoxoAHocxH rHApoxypÖHH 
c uejibK) yAyqmeHHH hx xexHHKO-SKOHOMHqecKHx noKaaaxejieH. 


rjiaaa IH. HOTEPH 3HEPrHH B PHAjPABJIHHECKHX TyPBHHAX 


§ 23 . BnAbi noTepb aneprHH h KII^ rHApoTypõnnbi 


npouecc npeoöpasoBaHHH xHApaBAHqecKOH aneprHH noxoKa b Me- 
xaHHqecKyK) SHepxHio na BaAy xHApoxypÖHHbi HeHsöejKHo CBHsaH c no- 
XepHMH SHepXHH. riOABOAHMaa K XypÖHHC MOlUHOCXb nOXOKa 

N = 9,81QH, mm. ( 185 ) 

Momnocxb, pasBHBaeMaa xypÖHHOö (3(J)(J)eKXHBHaB) 

^34) = 9 , 81 Q//t(], K&n. ( 186 ) 


Hs-sa HaAHqHH noxepb sneprHH b xypÖHHe 34 x})eKTHBHaH Momnöcxb 
MeHbiiie noABOAHMOH. SneprexHqecKHe Kaqecxsa xypÖHHbi xapaxxepH- 
syioxcH ee noAHbiM KUJX 


^3$ MO) 

~w~ 


im 


KoxopbiH npeACxaBAHex coöoh oxHomeHHe moiahocxh, pasBHBaeMOH xyp- 

ÖHHOH (s^eKXHBHOH MOIAHOCXH), K MOIAHOCXH HOABOAHMOH (mOIAHOCXH 

noxoKa Ha bxoac b xypÖHHy). ^ 

rioAHaa noxepa moiahocxh noxoKa 


AN = N — Ns^ = (l — yi)N. 


( 188 ) 


Ee oxHOCHxeAbHaa BCAHqHHa 


C = 


AN 

N 



( 189 ) 


BejiHqHHa noxepb sneprHH aaBHCHX ox xnna rHApoxypÖHHbi, ee paa- 
MepOB H pea^HMa paöoxbi. Moiahhc peaKXHBHbie XHApoxypÖHHbi na on- 
XHMaAbHOM pea<HMe paöoxu hmciox KIIXI t] = 92 -i- 95 %, a na pea<HMe 
HOMHHaAbHOH MOIAHOCXH T] = 90 -f- 92 %. KIl/l KOBIAOBblX XypÖHH 
HecKOAbKO MeHbuie (t] = 90 -E- 91 %). TaKHM oöpasoM, xHApaBAnqe- 
CKHe xypÖHHbi npeACxaBAHiox coöoh coBepuieHHbie nepsHqHbie ABHra- 
xeAH, OAHaKo npoÖACMa AaAbHefluiero noEHUieHHa hx SHeprexnqecKHX 
noKaaaxejieö, ocoöchho Ha nepacqexHHX pejKHMax, ocxaexcn oqeHb saac- 
HOH, xaK KaK Aaace HeöoAbmoe yaeAHqeHHe KTiJl xypÖHHw npHBOAHX 
K cyiAecxBCHHOMy BoapacxaHHio ee moiahocxh h BupaöoxKH SHeprHH^ 
KHj], XHApoarperaxa bahhbx na cxohmocxb aneprexHqecKoro oöopyAO- 


ioi 
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BaHH 5 I H SKOHOMH^HOCTb pa^OtU BCCH FSCr ^T06u ÄOÖHTbCH 

mero yjiymueHHH SHepreTiwecKHX xapaKxepHCXHK rajipoxypÖHHbi, ne- 
oöxoflHMO npe>KÄe Bcero HCCjicAOBaxb sjieMeHXbi ee npoxoqHofi *iacxH 
c iiejibK) onpeÄejieHHH Mecx HaHÖojibuiHX noxepb aneprHH h BHHCHe- 
HHH npwpnJIKT HX BOSHHKHOBeHHH. C ÄPyrOH CXOpOHbl, HCCJieÄOBaHHC 

noxepb BHeprHH b noÄOÖHux rHApaBJiH^ecKHX xypÖHHax pasjiH^Hbix 
pasMepoB HMeex öojibiuoe 3HaqeHHeÄ*^5i yxonneHHB Mexc^nKH nepec*iexa 
ocHOBHbix noKaaaxejien moäbjih na Haxypnyio xypÖHHy. npaBHJibHoe 
nasna^eHHe napaMexpoB h pe^HMOB paöoxbi HaxypnoH xHÄpoxypÖHHbi 
na ocHOBaHHH äbhhhx ncnbixaHHn moägjih nosBOjinex oöecne^nxb ee 
BKOHOMHqnyK) SKcnjiyaxauHK). 

B THÄpoxypÖHHax pasJiHqaKyr cjie^yiomHe bhäh noxepb anepran 
[7; 18; 22; 26]: rnÄpaBJinqecKHe, oöbCMHue, ^HCKOEbie h MexaHnqecKne. 

PHflpaBJiHqecKHe noxepH. B nponecce npeoöpaao- 
saHHB aneprHH noxoKa b anepmio na Bajiy xypönnbi qacxb h pacnojia- 
racMoro nanopa H pacxoAyexcH na npeoÄOJienne pasjinqnux rnApaB- 
jiHnecKHX conpoxHBJieHHH (xpeHHe Bnyxpn ähäkocxh h o cxenKH npo- 
TonnoH qacxH, BHxpeoöpasoBanHH npn oöxeKanHH noxoKOM sjieivieHxoB 
npoxonHOH qacxn h äP-)* B pesyjibxaxe nanop, nojiesno HcnojibsyeMUH 
xypÖHHOH, paBen H — h. 

OöbeMHbie noxepH. B npoxoqnoH qacxn xypÖHHbi ne Becb 
pacxoÄ yqacxByex b nponecce npeoöpasoBannn aneprHH. HanpHwep, 
B peaKXHBHbix THÄpoxypÖHHax qacxb boäbi npoxeKaex nepes aaaopbi 
MeHCiiy BpamaiomHMCH paöonHM KOJiecoM h conpHÄenHbiMH sjieMen- 
xaMH. ripoxenKH q nojiesnofi paöoxu ne coBepmaiox h xapaKxepHsyKxr 
oöbCMHbie noxepH. 

Zl,HCKOBbie noxepH. Flpn BpamenHH paöonero KOJieca pa;iH- 
ajibHo-oceBOH FHÄpoxypÖHHbi qacxb sHepxHH noÄBOÄHMoro noxoKa 
TepnexcH na npeo^ojieHHe xpeHHH napyjKHbix noBepxHOcxeö oöoäob 
paöonero KOJieca h ero ynjioxHeHHH o Bo^y, a xaKJKe na BpamenHe boäbi 
B nasyxax Me>K;;y paöoHHM KOJiecoM h HenoÄBHJKHUMH sjieMeHxaMH. 

MexaHHHecKHe noxepn npeÄCxaBJiniox coöok) nacxb 
aHepxHH AiVMext xepneMOH Ha npeoÄOJienne xpeHHH b HanpaBJiniomeM 
nonuiHnHHKe XHÄpoxypÖHHbi, noAnnxHHKe (noJiOBHHa noxepb b ynop- 
HOM noÄiiiHnHHKe oxhochxch Ha äojiio renepaxopa), ynjioxneHHHX Bajia, 
a xaKJKe na npHBOA MexaHHSMOB, cBHsaHHbix c BajioM rHApoxypÖHHbi. 

TaKHM oöpasoM, nojiesHan Momnocxb xypÖHHu c yqexoM nepeqnc- 
jieHHbix noxepb 

= 9,81Q//7jr7]o'rjÄ'rj Mex> (190) 

TAe Q — pacxoA na bxoab b xypÖHHHyio KaMepy; H — nanop Hexxo 
XHApoxypÖHHH. 

C ApyroH cxopoHbi, corjiacHO oömeMy onpeABJieHHio xypÖHHbi khk 
nepBHHHoro ABHraxeAH noAesnyK) MouiHOCXb xypÖHHH mojkho beihhc- 
jiHXb npH noMomH BbipaH<eHHH (186). 

Ha conocxaBAeHHH BbipauKeHHH (186) h (190) cAeAyex, qxo nojiHbifl 
Knjl, xypÖHHu 

(191) 
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SHaqeHHH xHApaBJiHqecKoro, oöbeMHoro, ahckoeofo h MexaHHqe- 
CKoro KnXl saBHcnx ox xnna, KOHCxpyKUHH h öbicxpoxoAHOCXH xyp- 
ÖHHbi, a xaKJKe ox peÄHMa ee paöoxbi. CooxHomeHHe uemjxy pasjinq- 
HbiMH noxepHMH B xypÖHHe [7] MOH^ex öbixb npeACxaBACHO npH noMomH 
ee öajiaHcoBOH xapaKxepHcxHKH (pHC. 46). 
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§ 24. FHApaBjiäHecKHe noxepH aHeprHH 


B FHÄpoTypÖHHax THÄpaBJiHqecKHe noxepH no npapo^e nponcxoÄ- 
Äcnnn mo>kho KJiaccH 4 )HUHpoBaTb cjieAyiomHM oöpasoM: nymeebie h eux- 
peebie — sth noxepH bxoäht b cocTaB BHyxpeHHHX norepb, Koropbie 
BMSBaHbi BnaKocTbK) noTOKa H ero CTpyKxypon; ebixodnbie nomepu — 
noxepn KHHexnqecKOH sneprHH na BHXOAe H 3 oxcacHBaiomeH xpyöbi. 

C ApyroH cxopoHM, rHÄpaBJiH^iecKHe noxepn sHeprnn b peaKxnBHon 
xypönne moscho KJiaccH(})HUHpOBaxb no Mecxy nx npoHcxojKÄennn na 
rHÄpaBjinqecKne noxepn b mypõuHHOu Kampe u cmamope ^noÄB, na- 
npaeAHiomeM annapame Cn.a, paõoneM KOMce Cp.K h omcacbieatoiufiü 
ffipyõB CoTc* riöJiHbie oxHOCHxejibHbie rnÄpaBJinqecKne noxepn sneprnn 
TypönHbi paBHbi cyMMe noxepb b sjieMenxax npoxoqnon qacxn 

C = 1 — '*3r = CnoAB + Ch. a “I" Cp. k ~h Cqtc- (19^) 

JIpeAnoJiaraiox, nxo noxepn SHeprnn b xypönnHon naMepe BbisBanbi 
rHÄpaBJinqecKnMH conpoxHBJiennHMn no ^Jinne, n nx noÄcnex ocnoBan 
na cooxBexcxByiomnx ^opMyjiax rnÄpaBjinKn (cm. § 70 ). 

rioxepH sneprnn b pemexnax nanpaBJiniomero annapaxa n pa6o- 
qero Kojieca cKJiaÄbiBaioxcn ns npo(J)HJibHbix noxepb, BnxpeBbix noxepb 
na y^ap npn bxoäg n KonneBbix noxepb na buxoäc ns pemexnn. 

npo<puAbHbie nomepu npeÄCxaBJiniox coöon noxepn xpennn n ^aB- 
jiennH npn oöxeKannn npo(})HJieH pemexnn njiocnnM AsyMepnHM noxo- 
KOM BnSKOH JKHÄKOCXn ( 7 ; 201 . 

Tan KaK peinexnn nanpaBJiniomero annapaxa n paöonero KOJieca 
oõxenaioxcn npocxpancxBennbiM hoxokom, noxepn sneprnn b nnx bo 3 - 
pacxaiox ns-sa najinqnn Bxopnqnbix xeqennn. Konyeeue nomepu bkjiio- 
qaiox B ce 6 n noxepn na oöpasoBanne nnÄynxHBnbix Bnxpen na Konnax 
jionaxoK H Jionacxen, Bxopnqnux Änn^Kennn n noxepn na nepeMemenne 
norpannqnoro cjion, ocoöenno bo Bpamaiomencn, Jionacxnon cncxeMe 
paöoqero KOJieca [ 7 ; 281 . Alero^H onpeÄeJiennn npo 4 )Hjibnbix n nnpny- 
jinunoHHbix noxepb b pemexnax paöoqnx KOJiec n nanpaBJiniomnx an- 
napaxoB HSJioxcenbi nnace (cm. rjiaBbi VI; VII; X). 

Hapn^y c Bbipa>KeHHeM ( 192 ) rnÄpaBjinqecKHH KUJl xypönnbi mo- 
mex 6 bixb npeÄCxaBJien nan oxHouieHne rnÄpaBJinqecKon moihhocxh, 
pasBHBaeMOH paöoqnM KOJiecoM, k moiuhocxh noxona, npoxoÄamero 
qepes paöoqee KOJieco: 


OxKy;i,a 




tQp. 


IfQp. k^p.kVk 
iQp. 


— ‘'fjp. k 7/p. Kl 


(198) 

(199) 


yir, ijp. k — rnApaBJinqecKne Kü/I, xypönnbi n paõoqero KOJieca; 
H, //p. K — nanopbi na xypönne n paöoqeM KOJiece. 

FnÄpaBJinqecKne noxepn sneprnn no ;i,JiHne n BnxpeBbie noxepn 
HMeiox pasjinqnyio npnpo^y n no-pasnoMy nsMennioxcH npn nepexo^e 
ox OAHoro pejKHMa k ^pyroMy. PaccMOxpnM nx nepecqex c MOAeJin na 
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reoMexpnqecKn noÄOÖnyn) naxypnyio xypönny npn noMomn 4x)pMyji 
nepBOH rpynnbi (cm. § 28). B ^annoM cjiyqae noxepn na xpenne b rnA- 
paBJinqecKHX xypönnax BbiqncJinidx ynpomenno, anajiornqno onpe- 
Äejiennio noxepb b npnMbix xpyöax: 


l «2 


OxHOCHxejibBHe nyxeBwe noxepn 

r —3 

'•n. ^ — • 


Di 2gH 


( 200 ) 


( 201 ) 


Tan KaK npn Bbinojinennn reoMexpnqecKoro n KnneMaxnqecKoro 
noAOÖnn MOÄejibnon n naxypnon rnApoxypönn oöecneqnBaexcn BbinoJi- 
nenne ycJioBnn 


— const; 


= idem. 


xo oxnomenne nx oxnocnxejibnux nyxenux noxepb panno oxnomennro 
nx Kos(})4)HnneKxoB noxepb no Äanne: 


(^n. ä). 


= 8 . 


( 202 ) 


Oxjinqne oxnocnxejibnwx noxepb no ^Jinne naxypnon xypönnni n ee 
MOÄeJiH oöbBcnnexcn pasnuMn snaqennnMn nx Kos4)4)HnHeHXOB noxepb 
no Ä-^iHne. XlencxBHxejibno, naxypnan xypönna nMeex anaqnxejibno 
öojibuine pasMepbi Dih no cpaenennio c MOAeJibio, nosxoMy oxnocn- 
xejibnan mepoxoBaxocxb oöxenaeMux noxoKOM nonepxnocxen y naxyp- 
noH xypönHbi Menbuie, qeM y MO^ejin. MoAGJibHbie n naxypnbie rnÄpo- 
xypönnbi paöoxaiox b sõne pasBHXon xypöyjienxnocxn (Re >. 10®). Kak 
nsBecxno, npn xannx snaqennnx Re Kos(})(|)HnHenx noxepb no Ä^nne 
saBncnx xojibKO ox oxnocnxejibnon mepoxoBaxocxn oöxenaeMbix noBepx- 
Hocxen % — f (A/Dl), Koxopan Menbuie y naxypnon xypönnbi. HosxoMy 
B 30He aBxoMo;i,ejibHOcxH "kn < ^m; cJieÄOBaxejibno, corjiacno (202) 
na nsoronajibHbix pen^nMax oxnocnxejibHbie noxepn naxypnon xypdnnH 
Menbuie, qeM moäcjih. Onpe^fiJinB oxnocnxejibHbie nyxeBbie noxepn mo- 
äcjih, MOJKno Bbiqncjinxb noxepn naxypnon xypönnbi:^ 


(Cn. fl)H — (Cn. Ä)^ 


(Cn. «)mS. 


(203) 


KoscJxjjnnnenx nepecqexa noxepb 6 Mo>Kex öbixb onpeAejien nocjie 
Bbiqncjiennn cooxBexcxByiomnx Bejinqnn k npn noMomn nsBecxHbix 
(})opMyji rHÄpaBJinKH, Koxopbie npnro^nbi ä-hh onpeji,ejienHn noxepb 
xojibKo B npBMbix uHJiHHÄpnqecKnx xpyöax. Tan KaK npoxoqnan qacxb 
rHÄpoxypönnbi cocxonx ns cjiox^hhx KpnBOJinnenHbix KanajiOB, xo 
onpeÄCJiennn KosiJxlinnneHxa nepecqexa noxepb ncnojibsyiox SMnnpn- 
qecKyio saBHcnMocxb, nojiyqennyio na ocnoBannn ^annbix ncnbixannn 
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noÄOÕHbix MOÄ^bHbix H HaTypHbix rHÄporypõHH paAHajibHo-oceBoro 


THna: 


jt)a 


V sl:- 


(204) 


rio HSBecTHbiM sHa^eHHAM oTHOCHTCJibHbix nyTCBbix noxepb 
HSBecTHbix pasMcpoB, nojifasyacb aaBHCHMocxHMH (203) h (204), onpe- 

^ ÄeJiflioT KOZI. HaxypHOH xypÖH- 










1— TQh —(1 TQm) |/ 

(205) 


m 


'— ^ ^ ^ ^ OopMyjia (205) noJiy^ieHa b 

^ a ü, npcAnoJioJKeHHH, qxo Bce noxe- 

’ pH B FHÄpoxypÖHHe HBJIfllOXCa 
noxepHMH no a/ihhc, 

BnxpeBbie noxepn b thäPO- 
W xypÖHHC BU3BaHH OXpbIBOM 
norpaHHqnoro cjioh ox o^cKae- 
MHX noBepxHocxcH H oöpaaoBa- 
HHCM BHXpeÖ npH ÄBHJKeHHH 
BOäH B XypÖHHHOH KaMCpC, 
HanpaBJifliomeM annapaxe, pa- 
öoqeMKOJiece h oxcacbiBaiomeH 
Tpyöe. Hanöojibuiee BHXpeoö- 
paaoBaHHe b noxoKe HMeex mc- 
cxo na bxoäc h Buxo^e h 3 pa6o- 
^ qero KOJieca h b oxcacHBaiomeH 

Phc. 47. no«pH Ha yaap aa BXOje a pa6o- Tpy6e, OCOÖeHHO Ha HepacHer- 

we Kojieco pajpiajifaHO-oceBOH rHjupoTypÖHHu: HblX peJKHMax. L-OOXHOUieHHe 

a — BxoA Ha pafioqee KOJieco; 6 — bhxoä h3 pa6o- M65KiI,y BHXpBBbIMH nOXCpBMH B 
qcFO KOJieca. paOo^BM KOJIBCB H OXCaCHBaiO- 

men xpyöe cymecxBeHHO saBH- 
€HX ox öucxpoxoÄHOcxH xypÖHHbi H pe^HMa paöoxbi. rioxepH Ha y^ap 
H KOHueBbie noxepH ocoöeHHo bcjihkh b paöoHHX KOJiecax c HenoBopox- 
HbiMH JionacxflMH. Ha pHC. 47 H3o6paH<eKbi pasJiHHHbie oxKpbixHH 
nanpaBJiHK)mero annapaxa npn nsMeneHKH pacxo^a qepes xypÖHHy. 
npH ysejiHqeHHH pacxo^a aöcojHoxHaa CKopocxb na bxoäc b paöoqee 
KOJieco Menaex BejiHHHHy H HanpaBJieHHe > Vi); npH yMeHbuieHHH 

pacxo^a CKOpocxb naAaex {V[ < Vi). 

Ha xHÄpoMexaHHKH HSBecxHo, qxo npn oöxeKaHHH Kpbuia bhskhm 
noxoKOM BosHHKaex cHJia jioöobofo conpoxHBJieHHH [261 




( 206 ) 


i06 


JXjih ee npeoÄOJieHHH Ha^o aaxpaxHXb qacxb nanopa 


h _c /i-l-ü!- 

— j 2gH' 


( 207 ) 


Cx = Cxup-{-Cxi — K034)$HUHeHx noJiHoro conpoxHBJieHHH KpbiJia, 
paBHbIH CyMMe K 034 xJ)HUHeHXOB npo4)HJlbHOrO Cxnp H HHÄyKXHBHOrO 
Cxi conpoxHBJieHHH; / H F — nJioma;i,H nonepeqHoro ceqeHHH npo^JHJiH 
H noxoKa. 

npo(J)HjibHoe conpoxHBJieHHe MOJxex ÖMXb onpeÄGJieHo npH ycjioBnn 
öesoxpbiBHoro oöxeKaHHH pemexoK npo(})HJieH. HH;^yKXHBHoe conpoxnB- 
jieHHe BOSHHKaex xojibko npH najiHHHH nepeMCHHOH n,HpKyji5mHH no 
pasMaxy JionacxH h cBHsaHo c oöpasoBaKHeM BKxpeii b noxoKe. Ho- 
CKOJIbKy HMeeXCH MHOäCCXBO npHHHH, npHBOilHmHX K nepeMCHHOCXH 
UHpKyJIflUHH BÄOJIfa JIOnaCXH, pacqex noxepb, BHSBaHHblX HHÄyKXHB- 
HbiM conpoxHBJieHHCM, BCCbMa cjioiKeH H HCÄOCxaxoqHo paspaöoxaH 

[7; 281. 

HHiKe npHBeAeHO conocxaBJieHHe oxHOCHxejibHbix BHXpesHX noxepb 
moäcjih h HaxypHOH xHÄpoxypÖHHH. OöpasoBaHHe BHxpefi b jiioöom 
3 JieMeHxe npoxoHHOH qacxH Bbisbmaex BHXpeBbie noxepH, yqnxbiBae- 
Mbie K 034 x|)HUHeHXOM COnpOXHBJieHHH CxB (äjih paöoqero KOJieca h na- 
npaBJi 5 iK)ui.ero annapaxa Cxb ~ Cxi). npH 3 xom oxnocHxejibHaa bcjih- 
qnna BHxpesbix noxepb 


-Cx,(/) 2g 


t208) 


7T.nff noAOÖHbix xypÖHH na nsoroHajibHbix pexcHMax paõoxfei BbinoJi- 
HHIOXCH yCJIOBHH 




const; = idem. 


CneÄOBaxejifaHO, oxnomeHHe oxHocHxejibHHx BHxpesbix noxepb na- 
xypHOH H MojiejibHOH xypÖHHbi MOx<Ho sanHcaxb: 

/onQ\ 

TTT ^ 

'-B/M '^XB/M 


CorJiacHO onbixHbiM ÄanHbiM, BejiHqHHa Cxb npn ^ocxaxoqHO 6ojib- 
niHX sHaqeHHHX qnceji Re noxoKOB ne saBHCHx ox pasMepoB oöxeKaeMbix 
xeji H onpeÄeJinexcH xojibko hx 4)opMOH. TaKHM oöpaaoM, mo>kho npn- 
HHXfa, qxo oxHocHxejibHbie BHxpeBbie noxepn MOÄeJin h HaxypHon xyp- 
OHHbi He saBHCHx ox HX pasMepoB H He noÄJiejKax nepecqexy, x. e. 


(Cb)h = (Cb)m. 


( 210 ) 


Ha H3Jio>KeHHoro cjie;i,yex, qxo rHÄpaBJiHqecKne noxepn b xyp- 
ÖHHe cocxoHx H3 tiepecHumbieaeMbix notnept no ä-hkhc hn.p, IH ^ euxpeebix 
{KUHemuHecKux) noxepb 1 — /in-n /7/, Koxopbie hc HSMeHmoxcn npn nepe- 
xo^e ox moäojih k Haxypnofi XHÄpoxypÖHHe h saBHCHx ox pexcHMa paöoxH. 
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ripHHUHn pa 3 ÄeJieHH 5 i rHÄpaBJinqecKHX noxepb na nepec^HTbiBae- 
Mbie H HenepeCTHTbiBaeMue jib^ht b ochobc npHMenaeMbix b nacTOH- 
uiee BpcMH 4 )opMyji onpeAeaeHHH KUJX HaxypHbix xypÖHH no AaHHbiM 
HcnbixaHHÖ noÄOÖHbix Mo^eaen (cm. § 28). 

§ 25. Oõ-beMH&ie noxepn 

JXjia yBejiHqcHHH KO^ rnÄpoxypÖHHbi npoxeqKH boäbi b oöxoä pa- 
öonero KOJieca (pnc. 48) äojukhm öbixb CBeAenu k MHHHMyMy, B pa- 
ÄHajibHO-occBbix rHApoxypÖHHax sxoro ÄOCXHraKxr npH noMomn ycxa- 
HOBKH cneuHajibHHX ynaoxHCHHH na BepxneM h HHacneM oöo^ax pa- 



a 5 

Phc. 48. OÖTjCMHue npoxeqKH; 


a — B paflHavibHo-oceBofl riwpoTypÖHHe; 6 — b noBopoxHOJionacTHoõ oceaofi rHflpo- 

TypÖHHe. 

öoqero KOJieca. JXjih cpe^ne- h BbrcoKonanopHbix rHÄpoxypÖHH koh- 
CTpyKUHH ynjioxneHHH cjioa^nee, a nx pasMepbi öojibuie. Oo Mepe yc- 
jio>KHeHHa ynjioxneHHH Bospacxaiox hx rHÄpaBJinqecKHe conpoxHBjie- 
HHH H yMenbinaexcH KOs^icfiHUHeHx pacxojia |x (pnc. 49). B noBOpoxno- 
JionacxHbix xypönnax npoxeqKH Bojibi HMeiox Mecxo qepes sasopbi Ment^y 
jionacxHMH H BxyjiKOH paöoqero KOJieca, a xaK>Ke MejK^y JionacxnMH 
JB KaMepoH paöoqero KOJieca. /(jin oöecneqenHn MHHHMajibHbix sasopoB 
npH paajinqnux yrjiax ycxanoBKH jionacxeö BxyjiKa h naMepa paöoqero 
Koaeca Bbinojinaioxcfl c^epnqecKOH (hjih nojiyciJiepHqecKOH) cJiopMbi. 
BejiHqHHbi cyMMapHMX sasopoB Men^a;y JionacxnMH h KaMepoft pa6o- 
qero KOJieca peKOMenjiyioxcH b npejiejiax A = (0,0005 -ž- 0,001) D^. 
B BbicoKonanopHbix pajiHajibHo-oceBbix rnjipoxypÖHHax, ra;e fijinnnne 
o6i.eMHHX noxepb na nojiHbift KnjX eine öojibuie, aasop MeÄa,y Bpa- 
maiomHMHCH h neno^Bna^HbiMH sjieMenxaMH ynjioxneHHH ÄOJunen öbixb 
MHHHMajIbHO BOSMOÄHbIM (1 -r- 1,5 MM ). B CBHSH C 3XHM K XeXHOJIOFHH 
HsroxoBJieHHH H cöopne xypÖHHbi, a xann^e k KoncxpyKUHH ee nanpaB- 
JiHiomero noAuinnnKKa npeÄX>HBJiHioxcn noBbimennbie xpeöoBanHH. 
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BejiHqHna oöbCMHoro KUJX onpeAeJinexcn npn homouih BbipajKenHH 
(193): 


p^e Co — oxHOCHxejibHbie oöbeMHbie noxepn. B saBHCHMOcxn ox koh- 
cxpyKnnn ynjioxnennn Co npHHHMaexcn ox 0,0l pp 0,03, xora,a oöteM- 
HbiH KUJX T]o == 0,99 0,97. B nponecce SKcnjiyaxannn xypönnu yn- 

jioxneHHH paöoqero KOJieca nsHauiHBaioxcn h BejinqnHa npoxeqeK yse- 
jinqHBaexcn. 



Phc. 49 . Tanu ynjioxHeHHÄ paöoqHX KOJiec paanaJibHO-oceBbix xHjipoxypÖHH: 

a — n^eJieBbie yiuioTHeHHB; 6 — jiaÖHpHHTHue ynjioxHeHHji. 


öpoxeqKH qepea jiaönpHHxnoe ynjioxnenne paÄnajibHO-oceBoft fhä- 
poxypÖHHbi (pHC. 49) onpeaejinioxcn npn noMomn BbipajKenHn: 

q = nPi = [x„F„'K 2 grA/i„, ( 211 ) 

rpe pi, \i 2 , M-rt — KOSiJi^iHUHeHXbi pacxo^a oxÄCJibHbix yqacxKOB ynjiox- 
nennni 7^2» Pn — nJioinaÄH HxnonepeqnbixceqenHH; A/i^, A/i2> 
nanopbi, cpaöaxHBaeMue na cooxBexcxByiomHx yqacxKax ynjioxneHHH. 

TpyÄHOcxb pacqexa aaKJiioqaexcH b onpeÄCJiCHHH BejinqHHLi ko 3(})- 
(JiHunenxa pacxoAa \i ynjioxHennn npamaiomerocfl paöoqero KOJieca. 
Menuiy KoacJi^iHnHeHxaMH pacKo^a BpamaiomerocH ynjioxneHHH p h ne- 
noÄBH>KHoro ynjioxneHHH po cymecxByex saBHCHMOcxb [lil; 

a==:-^2-r. (212) 

^ 1+0.8/Ci-0,004K1 

ra;e K 2 ~ — KosiJxJiHnHeHx, yqHXbiBaK)iii.HÖ nsMenenne conpoxHB- 

jieHHH ynjioxneHHH npn ero npamennn co CKOpocxbio u;v — cKopocxb 
boäh b sasope. 
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t 


K03(})(J)HUHeHT pacxoÄa Heno^BHÄHoro ynJioTHenHH fx© BbiqHCJiaioT 
no (|K)pMyjie 


po — 



(213) 


FÄe — BCJiHqHHa, xapaKxepHsyiomaH noTCpH rpennn; C© — ko3(J)- 

^HUHCHT MCCTHbix noxepb, saBHcamHH OT ^JopMbi ynJiOTHCHHH H xapaKTcpa 
noTOKa Ha bxoäg h BHXo^ie hs nero; X; — K03(J)^HiiHeHT conpoxHBJieHHa 
yqacxKa ynjioxHeHHB; l{ — ;iJiHHa xoro tkb yqacxxa; — BejmqHna 
sasopa. 

PacxoÄ qepea ynjioxneHHe c yqexoM noxepb na ox^eJibHbix yqacxKax 

q=^FV2gh, (214) 


TÄe h = Afti + A/ig + • • • + Aä„ — Hanop, cpaöaxbmaeMbiö bo bccm 
ynJioxneHHH, Koxopufi moäho BbipasHXb kbk pasHOCXb ÄaBJieHHÖ b noxoKe 
nepeÄ h sa paöoqnM KOJiecoM. 

TaK KaK B BbipaÄeHHH (211) sHaqeHHB BejinqHHbi p nepeona- 
qajibHO He HSBecxHu, sajiaqa no onpeÄOJieHHio npoxeqex pemaexca Me- 

XPÄOM nOCJICÄOBaxeJIbHblX npHÖJIHJKCHHH, 
OpaKXHKa pacqexoB noKasbmaex, qxonpH 
yBejinqeHHH BbicoxM ynjioxneHHH oÖBCMHHe 
npoxeqxH yMeubinaioxcB; o^naKO npn sxom 
B ospacxaiox noxepn moiuhocxh Ha xpeHHe b 
ynjioxHeHHH, Koxopbie mox^ho npHÖJiHJKeHHo 
onpejiejiHXb no ^^opMyjie 

AA^^p = 736.0,41 ♦ \0~HD^iü\ Kem, (215) 

r^e / — Bbicoxa ynJioxneHHB, m', D — ÄHa- 
Mexp pacnojiox<eHHB xpymencB qacxH ynjiox¬ 
HeHHH, jw; (D — yrJioBaa CKOpocxb BpameHHH 
paöoqero KOJieca, Mc. 

Hxoöbi BHÖpaxb onxHMajibHyio KOHCxpyKUHio JiaÖHpHHxa, onpeAeJiHiox 
BeJiHqHHbi noxepb moihhocxh ox yxeqeK ^Nq. h ähckobofo xpeHna 
AA^tp b ynjioxHCHHH äJIh HecKOJibKHX snaqeHHH ero Bbicoxbi h sasopa, 
a saxeM cxpoHx cyMMapnyio KpHByio — ^Flq. + AA^tp = f (l) 

H naxoÄHx onxHMajibHyio Bbicoxy ynJioxneHHH lom, npH Koxopoö cyMMa 
OÖbCMHblX H ÄHCKOBblX HOXepb MHHHMHJIbHa (pHC. 50). 

OxHocHxejibHan BejinqHHa oöbeMHbix noxepb shbhchx ox öbicxpo- 
xoähocth paöoqero KOjieca. JlencxBHxejibHo, corjiacHO BbipaH^eHHio 
(193), npHHKMan A/z H, nojiyqaiox 



Phc. 50. K Bbiõopy onra- 
MaJIbHOH BblCOTbl ynJIOTHe- 
HHH. 


^lo = 1 — f = 1 - 


fj-mDi ]/ 2gli 

Q 


1 — 






Qi'' 


( 216 ) 


r;ie K03{|4>Hu;HeHx 


l\q ^ 


I 


i 


I 


J 


Hs paccMoxpeHHH ypaBHeHHH (216) cJieAyex, qxo oöbeMHbifi KIIJI 
XHXOXOAHOH XypÖHHH MeHbHie, qeM ÖblCXpOXOAHOH. y XHXOXOAHblX 
XHÄpoxypÖHH B saBHCHMOCXH OX pexcHMa paöoxbi oöbeMHbie noxepH mo- 
ryx cocxaBAHXb aobojibho öojibuiyio BejinqHHy C© — 1,5-f- 3,5%.^ 

B nocjieAHHe roAbi paspaöoxaHbi HOBue KOHcxpyKUHH ynAOxneHHfl, 
oöecneqHBaiomHe MHHHMSAbHbie oöbeMHHe noxepn. Oahs hs xaKHX 
KOHcxpyKHHH, paspaöoxaHHbix KanaACKOH 4)hpmoh «ZIomhhhoh Hhhoi- 
HHpHH», npeAycMaxpHBaer ycxanoBKy cneunajibHbix noABHxcHHX koab- 
ueBbix ynAoxHeHHH (pnc. 51). FlepeMemaiomHecH (yxanjiHBaeMue) yn- 
AoxHHxejibHHe KOAbua 2, conpnraeMbie c BepxHHM h hhjkhhm I o6o- 
AaMH, oöecneqHBaiox MHHHMaAbHMH sasop npn pasAHqHHx ycAOBHHX 
paöoTbi paöoqero KOAeca. YnAOXHHxeAbHHe 
KOAbUa 2 T-o6pa3HOH ^lOpMbl BbmOAHHIOXCH 
paspesHbiMH. OoA BosAeöcxBHeM AaBAeHHH 
boabi, HaxoAHmeftcH b nasyxe MexiAy ynAOX- 

HHXeAbHblM KOAbllOM H HHÄHHM KOAbllOM 
HanpaBAHiomero annapaxa, ceKxopbi ynAOx- 
HHxeAbHoro KOAbua npHjKHMaioxcH K öypxaM 
KOAbua 3 H oõecneqHBaiox MHHHMaAbHbie sa- 
sopbi MeÄAy BpamaiomHMHCH oöoAaMH h yn- 
AOXHHXeAbHblMH KOAbUaMH. EcAH HO KaKHM- 
ah6o npnqHHaM paöoqee KOAeco KocHexcH 
ynAOXHHxeAbHoro KOAbiia, noGAOAHee cboöoä-* 

HO yxonaex b nasy, oöecneqHBan MHHHMaAb- 
HbiH sasop. TaKHM oöpasoM, noBpexgieHHe 
ynAOXHHXeAbHbIX KOAen HCKAIOqeHO. TaKHH 
KOHCxpyKHHH ynAoxHeHHH nosBOAHex oöe- 
cneqHXb BeAHqHHy sasopa, paBHyio, npHMep- 
HO, oahoh xpexH HopMaAbHoro KOHCxpyKXHBHoro sasopa nenoABHÄHoro 
ynAoxHeHHH. Ona oõjiajiäor cAeAyioiUHMH npeHMymecxBaMH no cpaB- 
HeHHK) c oötjqHbiMH KOHCxpyKiiHHMH ynAOXHCHHH: oöecneqeHHe xpe- 
öyeMoro sasopa npn neoöbiqHbix ycAOBHHX paöoxu paöoqero KOAeca 
(nanpHMep, nonepeqnbie BHÖpauHH poxopa); yMeHbuieHHe HSHoca ynAox¬ 
HeHHH H npeAOXBpameHHe buxoab ero hs cxpon; MHHHMaAbHbiö sasop 
npH HopMaAbHbix ycAOBHHx paöoxbi. Kbk noKasbiBaiox onHXHbie hc- 
cAeAOBaHHH, yBeAHqenne KHÜ paAHaAbHO-oceBOH rHApoxypÖHHbi b 
pesyAbxaxenpHMeneHHH xaKoro ynAoxneHHH cocxaBAHex okoao 0,4 

§ 26. ^HncKOBbie noxepH 

B paAHaAbHo-oceBbix rHApoxypÖHHax oöoah paöoqero KOAeca co- 
npHKacaiOXCH C BOAOH neXOAbKO BHyxpeHHHMH nOBCpXHOCXHMH, HO H Ha- 

pyjKHbiMH. KpoMexoro, boab, HaxoAHUi.aHCH b sasopax Me>KAy hh>khhm 
H BepxHHM oöoASMH paöoqero KOAeca h nenoABHHCHbiMH SACMeHxaMH 
xypÖHHbi, yBACKaexcH oöoabmh bo BpamaxeAbHoe ABH>KeHHe, na qxo 
xaKJKC paexoAycxcH qacxb sHeprHH, cooömaeMOH hoxokom paõoqeMy 
KOAecy lil; 221. CorAacHo ohhxhmm AaHHbiM yrAOBan CKOpocxb Bpa¬ 
meHHH boabi b nasyxax coi == (o ]/^K, tac cd — yrAOBaa cKopocxb 



Phc. 51. KoHCxpyKiiHfl no- 
flBHÄHoro ynAOTHeHHfl pa- 
öoqero KOACca: 

J — HHKHHfi o 6QA paÖO^löX) 
KOJieca; 2 — yranJiHsaeMOe 
KOJibuo; 3 — HHJKHee kojibuo 
HanpaBJiHiomero annapaxa. 
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BpameHHH paöo^ero KOJieca: K — 0,25 -f- 0,5 — onbiTHbifi ko3(J4)h- 

UH^T. ' 

HjIH npHÖJIHÄeHHOrO BbIHHCJieHHH ÄHCKOBtlX nOXepb MOH<HO EOC- 

nojibsoBaxbCH sMnHpHqecKofl ^JOpMyjioft nacococxpoeHHH 


* j,r 6.1 . 10-* , 3 4 

AA/^^ = 4 _ p/ü)V^ 

/Re 


(217) 



rjxe Ke = — — qncjio PeHHOJib^ca noxoKa b ynjioxneHHH; /, r —;iJiHHa 

H pa;^Hyc pacnojiOÄCHHB ynjioxneHHH na oöo^ax, 

BejiHqwHa flHCKOBbix noxepb saBHCnx ox pasMepoB, KOH4)HrypaBHH 
OÖOÄOB H qHCXOXbl HX OÖpaÖOXKH. JXjIÜ BblCOKOHanOpHbIX XypÖHH, HMeiO- 

lUHX pasBHXbie oöoäbi, BCjiHqHHa ähcko- 
Bux noxepb Hanöojibman n Moacex 
cocxaBJinxb snaqHxejibHyio äojiio b o 6- 
meM öajiance noxepb sneprHH b xypön- 
ne. CorjiacHo onbixHHM Äa^HbiM Bejin- 
- qnna oxnocnxejibHbix ÄHCKOBbix noxepb 
Cä = SaBHCHT OX ÖblCXpOXOÄHO- 

cxH xypÖHHbi; ÄJia XHxoxoAHbix pa^H- 
aJIbHO-OCeBUX XHÄpOXypÖHH B aaBHCH- 
* MocxH ox pexiHMa paöoxbi = 0,015 
-f- 0,03. 

Phc. 52. yMeHbineHHe ähckobhx ^ uejibio ÄaJibHefimero noBbimeHHH 
noxepb rHÄpoxypöHHbi: noJiHoro KIiXl xypÖHHbi 33 cqex yMeHb- 

/—HHÄHHfi oöofl pafoijero KOJieca; UieHHH ÄBCKOBblX nOXepb Kana/tCKafl 

(l)HpMa «JIOMHHHOH HnjKHHHpHH» pa3> 

paöoxajia ycxpoficxBo, npe/tycMaxpn- 
Baiomee qacxnqnoe oxx^axne boah H3 nasyx paöoqero KOJieca npn no- 
MOUiH ca<axoro Bos^yxa (pnc. 52). Mo^tejibHbie n naxypHbie HcnbixannH 
3xofi KOHcxpyKiiHH 6biJiH npoBCiieHbi na xypönnax HopiviajibHOH öbicx- 
poxo^HocxH cpe/i,HHx Hanopos). Opn nojiHocxbio sanojineHHbix 
boäoh nasyxax norepii SHeprnn na xpenne oöojioe h BpauienHe boah 
cocxaBHJiH 0,6 % ox MomnocxH xypÖKHbi. Okojio ÄByx xpeien sxnx 
noxepb cocpe/^OToqeno na hii^khcm oöo^e n o^na xpexb na BepxneM. Opn 
no^aqe OKaxoro B03ji,yxa b nasyxn Me>Ki^y oöo^aMii h Heno/tBn>KHbiMii 
sjieMeHxaMH ÄHCKOBbie noxepn yivieHbmaioxcH npnMepno na nojioBnny. 
Momnocxb KOMnpeccopa, noÄaiomero cjKaxbin Bos^yx, cocxaBJinex 
OKOJIO 10% ox oömero yBejinqenHn MomnocxH xypönnbi b peayjibxaxe 
yMenbmeHHH jincKOBbix noxepb sHeprnn. 


§ 27. MexaHH^ecKHe noxepn 

MexannqecKHe noxepn SHeprnn rH;i,poarperaxa aaBHcnx ox koh- 
cxpyKiiHH, pacnojiox<eHH5i nanpaBJiniomnx no^innnnnKOB, nojinnx- 
HHKa H ynjioxHennn Bajia, B Hacxonmee Bpeivin npHMeHniox pasjinqnbie 
cxeMbi KOMnoHOBOK rH;i,poarperaxoB, b Koxopbix xypönna n renepaxop 
HMeiox HanpaBJiaKDiHHe noAUinnHHKH h oömnö no^^nnxHHK [11]. K mc- 
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xannqecKHM noxepnM rn^ipoxypÖHH othockt noxepn b xypÖHHHOM no;i- 
mnnHHKe n ynjioxHeHHnx Bajia, a xaKx<e nojiOBnny noxepb b noÄnnx-^ 
HHKe. Ha npeoÄOJienne MOMenxoB xpennn b nanpaBJiaiomeM xypÖHH- 
HOM no^uiHiiHHKe, noÄiiHXHHKe H ynjioxHeHHBX pacxoÄyexcH qacxb 
noJieanoH MomnocxH xypönnbi. 

BejinqHHy MexannqecKnx noxepb mo>kho Bbiqncjinxb npH noMomn 

BbipajKeHHn 


^A/^mcx—A l^pu), (218)^ 

täb Mtp — cyMMapHbiH MOMenx xpennn b onopax h yiuioxHeHHHx;. 
(o — yrjioBan CKopocxb Bpame¬ 
HHH poxopa. T TI I I -— ^ 

BejiHqHHa oxHocnxejibHbix 0 g X 

MexaHHqecKHX noxepb snepxHH SL_,_[.j_0 ^ 

PaBHa 


■«Mex — hf ' \ / 

FÄe Nr — FHÄpaBJiHqecKaH Mom- ^ ^ ^ 

Hocxb xypöHHbi. n 

MexaHHqecKHH Knj3. xypÖH- 
Hbl I £ M 

ri«« = i-c„e,. (220) 

MexaHH^ecKHe norepH na- 
XypHOH xypÖHHbl HpH yCJIOBHH 

ee npaBHJibHOH cöopKH h öajian- -^ 

CHpOBKH poxopa MOFyX cocxaB- 

JlHXb ox 0,3 ÄO 1,5% B aaBHCH- Phc. 53, MoÄe.iibHafl xypÖHHa c caMoyqcTOM' 
MOCXH ox XHna komhohobkh TpeHHH B onopax poxopa: 

arperaxa, MOIHHOCXH XypÖHHbl, /*-nepBbifi pap. onopno-ynopHux noÄaiHnHHKOB; 

npwuivrn PP M X n Tttp 2—Bxopofl psm noÄUiHnHHKOB; 5 — KaqaiomaBCii 

pc^üividi cc p<iuuit)i H 1 . v_.Jic rHJTbsa, coejlHHeHHasi co B 3 BemHBaiomHM ycxpofi- 

Äyex OXMeXHXb, qxo KOHCXpyK- ctbom; 4 — BHÖpaTOp. 

nnn onop Mo^ejiH h naxypHon 

xypÖHHbi cymecxBeHHO oxjinqaioxcH. Opn OÄHHaKOBbix pejKHMax 
paöoxbi oxHocHxejibHbie MexaHnqecKne noxepn sneprnn Monejin öojib- 
me, qeM naxypHon FHÄpoxypönHbi. üosxoMy nepecqex MexannqecKnx 
noxepb Ha HaxypnyK) xypönny npaKxnqecKn HeB03M0H<eH. JXjih hc- 
KJiioqeHHH BJiHHHHH MexaHHqecKHX noxepb na BejiHqnny KFIiX mo- 
ÄeJin npHMCHHiox cnennajibHbie KoncxpyKuHH Mo,aejibHbix xypönn, 
Koxopbie’ HMeiox ;iBOHHyK) (hjih AaÄexponnyio) cncxeMy onopHbix n ynop- 
Hbix noÄUinnHnKOB (pnc. 53). Tanan KOHCxpyKiiHH onop poxopa no3Bo- 
jinex aaMepHXb na B3BemnBaK)in,eM ycxponcxBe cyMMapHbin MOMenx (mo- 
MeHx na paöoqeM KOJiece n mombhx xpennH b onopax) n onpeAejiHXb 
rnÄpaBJinqecKHH KflJI, MO^eJin (b nepBOM npH6jin>KeHHH, ões yqeia 
oöbeMHHx H ÄHCKOBbix noxepb). Eme öojiee coBepmenHHMn hbjihioxch 
FHÄpocxaxnqecKne no;;ninnHHKH, npn KOXopbix xpenHe b onopax npaK- 
xnqecKH HCKJiioqaexcH. 
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Mto^h conocTaBHTb sHaMeHHH MexaHHqecKHX KUJX Mo^ejiH h na- 
TypnoH xypÖHHbi, a xaiOKe npoanajiHaHpoBaxb RjiHHHHe pejKHMa pa- 
6oxbi Ha BejiHqHHy tImcx, npeoöpasyeM sbipa^eHHe (220) cjie^yiomHM 
oöpasoM: 

, _1 

“«iMex — 1 Nj. ^ • 30 


M^^nnD^DlVH ^ M^^nnj 

V^dIh 30-xdIhq; 


( 221 ) 


JIjih MOÄCJibHOH xypÖHHbi (Di = const; H — const; n ^ const) 
BbipaHceHHe (221) npKHHMaex bhä 


1 E' AA 

("^Mex)»! ~ 1 -^MOjl^Tp ’ 


( 222 ) 


K^os. — - 3 — = const. 

30tDi// 

JIjih noÄOÖHOH HaxypHOH xypÖHHbi (Dj = const; n 
^ const) ypaBHCHHe (221) nepennmeM b xbkom bhäc: 

(Tl«ex)H - VHn^DlDlQ{ * 

/ ^ _ 1 K 

UliAexh — 1 Ah j 


(223) 

= const; H ^ 


(224) 


JC 

/Ch --r = const. 

SO-^/i^D^ 


(225) 


Ha conocxaBJicHHH BupaxceHHÖ (222) h (224), a xaKx^e (223) 
H (225) cjie^yex, qxo MexaHHqecKHH Ktl^t naxypHoft xypÖHHH 6oJibme, 
XaK KaK /Ch < Km- KpOMC XOrO, saBHCHMOCXb KOa^HUHCHXa Ku ox 
pejKHMa paöoxbi (Q!, n{) oxJinqaexcH ox sasHCHMOCxH Koa^^HUHeHxa 
Kn OT xex napaMCxpoB. 

JXjiü onpeÄCJieHHH BCJiHqHHbi r]Mex rH^poarperaxa h xypÖHHbi na 
rSC npoBOUHT cneuHajibHbie HcnbixaHHH. 

Ecjih poxop oxöajiaHCHpoBaH MexaHnqecKH h oxcyxcxByex ra^paB- 
jiHqccKHH ji,e6aJiaHC (neocccHMMexpHqHbiH noxoK Ha bxoäc b paöoqee 
KOJieco), noxepH b HanpaBJiHiomHX noÄiiiHnHUKax Majibi; ocHOBHbie mc- 
xaHHqecKHC noxepH sHeprHH rHÄpoarperaxa hmciox mccxo b no^n^x- 
HHKe. rioxepH SHcprHH B nOÄHHXHHKC onpe;i,eji5iK)x npH bomoihh xenjio- 
Boro öajiaHca. JXjih stoh hcjih aaMepHKyr: kojibhcctbo boäbi, hoäbojih- 
MOH K MacjiooxJia^HxejiHM BaHHbi noÄnaxHHKa; xeMnepaxypy boäbi na 
bxoäc h Bbixo;ie h 3 oxJia;i,HTeji5i. KojinqecxBO oxBeÄCHHoro xenjia nepe- 
cqHXbiBaiox b MexaHHqecKyio SHepmio, Koxopan npCÄCxaBJinex coöoio 
noxepH B noOTaxHHKe. Hjih npnÖJiHJKeHHOH oiieHKH noxepb sneprHH 
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I B HanpaBjiHiouiHX noAuiHHHHKax H ynjioxHeHHHX aaMepHKyr Mom,Hocxb>. 

j HeoöxoÄHMyio äjih BpameHHH poxopa b ocymeHHOH npoxoqnofi qacxH. 
PasHOCXb MextÄy ee BejiHqHHofi h noxepnMH b noÄHHXHHKe, saMepen* 
HbiMH npH noMOUiH xenjioBoro öajianca, npHÖJiHJKeHHo xapaKxepnayex 
noxepH B HanpaBJiHiomHx noÄUinnHHKax h ynjioxneHHHx [26]. 

§ 28. nepe<rqeT KH,!!, MOAejm na HaxypHyio ra^tpoxypÖHHy 

B § 24 öujio oxMeqeHo, qxo ÖJiaroÄapa öojibuihm pasMepaM h nano- 
paM HaxypHbix xypÖHH no cpasHeHHK) c Mo^ejiHMH qncjia PefiHOJib^ca 
noxoKOB H oxHOCHxejibHbie mepoxoBaxocxH hx npoxoqnbix qacxeö pas- 
Hbie. BcjieÄCXBHe axoro oxHOCHxejibHbie rH^paB-jiHqecKHe noxepn xpe^ 
HHH Ha HSoroHajibHHX pejKHMax paöoxbi b naxypHOH xypönne Menbuie^ 
qeM y moacjih (cm. ypaBHCHHe (202)). Pocx KUJl naxypnoH xypÖHHbi 
npH yBejiHqeHHH ee pasMepoB h nanopa naabiBaiox MocmmaõHbiM a(p4>eK' 
, moM. SnaqeHHe KFI/l. HaxypHofi rHApoxypÖHHbi Ha pasjiHqHbix pemn- 
j Max paöoxbi onpeÄeJiHKyr no AaHHbiM peayjibxaxoB HcnbixaHHH noÄOÖ- 

HOH MOflejiH, nojibayacb 4x)pMyjiaMH nepecqexa. 

I OnpeÄCJieHHe KOJI Haxypnofi xypÖHHbi na pasjiHqHbix pejKHMax 

paöoxbi BbinojiHHiox npH noMon;H cneiiHajibHOH MexoÄHKH, npnqeM h 3 
MHoroqHCJicHHbix 4^opMyji nepecqexa na^o Bbiöpaxb xaKyio, Koxopan 
HBJiaexcH ÄOCxaxoqHO oöocHOBaHHOH xeopexHqecKH h npoBepena sKcne- 
pHMCHxajibHo. BHuie ÖHJio oxMeqeHO (§ 24), qxo nepecqexy nofljiextax 
xojibKO noxepH no ÄJiHHe, a BHxpeBbie, o6x.eMHbie h MexaHHqecKHe no¬ 
xepH (b xom qHCJie h ÄHCKOBbie) ne nepecqHXbiBaioxcH. IlosxoMy b nep- 
BOM npHÖJIHJKeHHH npHHHMaiOX, qxo OÖBCMHbie Knjl MOäCJIH H Haxyp¬ 
HOH xypÖHHbi paBHbi, a MexaHHqecKHe noxepn moäcjih ceoähx k 
MHHHM yMy. 

OpH noMOiuH 45opMyji nepecqexa noJiHbiö KIIJI, naxypHbix XHApoxyp- 
6 hh onpeÄCJiHexcfl npH6jiH:»eHHO. üpoBepKa ÄOCTOBepnocxH pacqex- 
Hbix SHaqeHHH KTlXt Moxcex öbixb ocymecxBJiena xojibko no ÄaHHbiM Ha¬ 
xypHbix SHeprexHqecKHX HcnHxaHHÖ. Oahhko cpaBHCHHe BbiqncJieH- 
Hbix H nojiyqeHHbix SKcnepHMeHxajibHO snaqeHHH KIIJI, naxypHOH- 
xypÖHHbi ycJiOBHO, xaK KaK xoqnocxb onpeÄCJieHHH KOZI, naxypHbix 
xypÖHH Ha rSC HaxoÄHTCH B npeACJiax ± 1 -f- 2% (b aaBHCHMOCXH 
oxxHna xypÖHHbi h H3MepHxejibHbix npHÖopoB). 

BejiHHHHa nojiHoro KHÜ HaxypHofi xypÖHHbi 

iJh = ifjM + Akj, (226) 

r^e tIm — KOjl. MO^eviH na HaoronajibHOM pencHMe; At] — nonpaBKa 
KnXl, yqHTbiBaiomaH pasHbie snaqeHHH ^HaMexpoB xypÖHH h nanopoB, 
HJiH xo H Äpyroe. 

Mexo.n.HKa nepecqexa KHit MOJxex necKOJibKO OTJinqaxbcn b saBH- 
CHMOCXH ox xHna xypÕHHbi. /Ijih HeKoxopbix THÄpoxypÖHH (paAHajibHO- 
oceBbix H nponejiJiepHbix) nonpaBKy KHZl At] oöbihho npHHHMaiox oäh- 
HaKOBOH Ä-HH Bcex pejKHMOB paöoxbi. B cjiyqae noBopoxHOJionacxHbix 
^ xypÖHH (oceBbix h ÄHaroHajibHbix) BbiqncjieHHyio nonpaBKy onpeÄCJiHiox 
I fljiH Ka?KÄoro yrjia ycxaHOBKH jionacxeö. Cxporo roBopn, nepecqex 


llõ 



. Knil iiOJiÄeH Bbino^HHTbCH AnH KajKÄOro pe^HMa npa pasHbix nonpae- 
Kax. OAHaKO xaKaa MeroAHKa nepecqexa Kn/1 eme He nojiyqnjia niHpo- 
Koro npHMeneHHH, xax Kax xapaxxep HSMeHeHHH rHApaBJiHqecKHX no- 
xepb B xypÖHHax na paajiHqHHX peasHMax eme HeAocxaxoqHO Hsyqen. 
OoaxoMy npH noMomn npHMenaeMHX 4^pMyji nepecqexa nojiyqaiox 
AocxaxoqHo ÄOCxoBepnbie SHaqeHHü |]h tojibko äah onxHMajibHoro pe- 
ÄHMa. 

MnoroqHcyieHHbie (JxDpMyjibi nepecqexa KIXH moäho paaACAHXb na 
xpn rpynnbi [7; 11; 28]. 

riepBan rpynna. Oöluhm sxoh rpynnH 4)opMyji nBJin- 
€XCH npeAnoJiojKeHHe, qxo Bce rnApaBJiHqecKHe noxepn b npoxoqnofi 


qav.iK 5iBJIHK)XC>i iiOXep>iMH iiO Ä^IKHe K iiOSXOMy AO^^Hbl nOJIHOCXbK) 

nepecqnxHBaxbCH c moacah na naxypnyioxypÖHHy. ^acxb4)opMyji nepe¬ 
cqexa npeAnojiaraex rHApoÄHHaMnqecKH «rjiaAKoe» xeqenne b npoxoqnoH 
qacxH xypÖHH, a Apyran — «mepoxoBaxoe». OxHomeHne oxnocnxejib- 
Hbix noxepb no AAnne moacjih h naxypnoH xypÖHHH xapaKxepnayexcH 
BupasceHHeM (204), npn noMoma Koxoporo moäho BbiqncjiHXb oxhoch- 
xejibHbie noxepH naxypHon xypÕHHH 




JXjisi c/iyqan «rHÄpoÄHHaMHqecKH rAaAKoro xeqeHHH» (JxDpMyjibi nep- 
©OH rpynnH HMeiox bha 



Hjin onpeACJieHHH noAHoro Kllil naxypnHX rnApoxypÖHH npn na- 
nopax H < 150 npHMenflrox (JxDpMyAy IIpocKypH—MyAH (n = 5) 


1 "nH — (1 t^m) 



(227) 


Koxopan MOÄex öbixb npeACxaBAena b bhac cnennaAbHOH noMorpaMMbi 
(pHC. 54). 

Ho HSBecxHOMy AwaMexpy moacah Di^, ee MaKCHMaAbHOMy KFIXl 
•('»]M)max H AHaMexpy naxypHOH xypÖHHH Di„ no HOMorpaMMe onpeAe- 
jiHiox MaKCHMaAbHbiH KHA HaxypHOH xypÖHHbi (T]H)max. HaÖAeHHyio 
nOnpaBKy äAB Kn/I, Atj = (T3H)max — ('^jM)max npHHHMaiOX nOGXOHHHOH AJin 
Bcex pe^HMOB paöoxbi (hah aah Aannoro yrAa cp). 

Bxopan rpynna. flpn onpeAeAennn KTIJX naxypHon xyp- 
ÖHHbi npn noMom,H ^opnyA Bxopofi rpynnbi yqnxbiBaiox ne xoAbKO ox- 
AHqne AaaMexpoB, no n nanopoB MOAeJin n naxypnoH xypönnbi. OAHa 
H3 (JiopMyA, npHMenneMbix aji^ onpeAeAennn VJIR paAnaAbHo-oceBbix 
xypÖHH npn nanopax H > 150 jw, HMeeX bha 

6 / D. 20 / H 

1 -^.=(!-%) y ^ y -t- < 228 ) 


U6 


OopMyAa (228) xaxjKe mojkox õhxb npeACXaBAena b bhac homo- 
rpaMMH (pHC. 54). Ilpn nepecqexe ¥JIJX no (JiopMyAaM Bxopon rpyniiH 
KOCBenno yqnxbiBaexcn oxAnqne qnceA PennoAbAca noxoKOB MOAeAn 
H naxypnoH xypönnbi. OAnaKO, Kax n b 4)opMyAax nepBofi rpynnbi, 
onpeACAneMan nonpaBKa At) npHHHMaexcn OAnnaKOBOH aah Bcex pe- 
JKHMOB paÖOXbl, qxo BeCbMa yCAOBHO. 

B (JiopMyAH (227) n (228) noACxaBAHioxcH SHanennn noAHoro KIIXI, 
MOAGAH. Ha onxHMaAbHOM pexcHMe naxypnoH xypönnbi pacqexnoe ana- 
qenne tjh Aocxaxoqno xopouio corAacyexcn c aaMepenHon BeAnnnnon. 


HoMUHCuimiD õuaMemp Di/i 



, Phc. 54. HoMorpaMMa nepecwxa 

/ — 6e3 yTCxa nonpaBKH Ha nanop; 2 — c yseTOM nonpaBKH na Hanop. 


Ha ocxaAbHbix pen<HMax, rAe aoah BHxpeBbix noxepb AOcxaxoqno Be- 
AHKa, pacqexHbie n onbixnbie snanennn t]h Moryx oxAnqaxbCH. 

Tpexbn rpynna. Kax oxMeqeno b § 24, oxnocnxeAbHbie no- 
xepn c KHHexnqecKOH anepmen na bbixoac na oxcacbmaiomeH xpyõbi, 
KOHueBHe noxepn b paöoqeM KOAece n Apyrne BnxpeBbie noxepn, oah- 
naKOBbie AJin moagah h naxypu, ne nepecqnxbiBaioxcH [26; 28]. OAnano 
3X0 oöcxonxeAbcxBO ne npnnnMaAocb bo BHUManne npn cocTaBAennn 
(JiopMyA nepBon n Bxopon rpynn. OnenKa noAHoro KH/l HaxypHon xyp- 
ÖHHbi npn noMomn ^^opMyA (227) n (228) neAOCxaxoqno naAe^Kna xaK>Ke 
noxoMy, qxo oxnocnxeAbHbie MexannqecKne noxepn moacah h Haxypnon 
xypÖHHbi paaAnqnbi n nepecqexy ne noAAencax. 

OopMyAbi xpexben rpynnbi ocnoBanbi na npeAnoAOiKennn, qxo 
xoAbKO qacxb rnApaBAnqecKnx noxepb b rnApoxypönnax aanncnx ox 
paaMepOB (Dj) n nanopa n, CACAOBaxeAbHO, AOAJKna nepecqnxHBaxbcn. 
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(229) 


0 

- B OÕUieM BHäG 3TH 4)OpMyJII>I MGÄHO. sacHcaTb 



Oähoh h 3 4)opMyji pasÄeJibHoro nepecqexa Kim flBJi5ieTCfl 4x)pMyjia 
AKKepera, HcnojibayeMan fiflsi onpeÄeJieHHH Kim noBoporttoJionacx- 
HHX oceBbix xypöHH 

-^=0.5 + 0,5 (230) 


HJiH B ÄpyroM BHiie: 

/Re \i/5i 

l_.j,==0,5(l-ixM)[l + (^j J. (231) 


CorjiacHo 4)opMyjie (231), nepecqexy noÄJiejKax xojibKO 50% Bcex 
FHÄpaBJiHqecKHX noxepb (b ochobhom, noxepH b paöoqeM KOJiece); oc- 
xajibHbie 50% — BHXpeBbie noxepH, Koxopue ne nepecqnxbiBaioxcH. 
X(oji5i nepecqnxbiBaeMbix noxepb jvm pasHbix pejKKMOB npeÄnoJiaraexcH 
HeHSMeHHOH, qxo HBJiflexcH cymecxBeHHbiM neÄOCxaxKOM 4>opMy'nbi 
AxKepexa. 

riosÄHee, B pesyjibxaxe öojiee rjiyöoKoro pacqexHoro nccjieÄOBaHnn 
noxepb B oceBbix noBopoxnoJionacxHbix rnÄpoxypÖHHax, 6biJia nojiy- 
qena 4>opMyjia Xaxxona [28]. Ona BHroÄHO oxjinqaexcH ox 4)opMyjibi 
AxKepexa, xax Kan yqnxbiBaex paanbiH xapaxxep noxepb aneprHH b pa- 
öoqeM KOJiece n oxcacHBaiomeH xpyöe. FloxepflMH b xypÖHHHon KaMepe 
H HanpaBJimomeM annapaxe Xaxxon npeneöperaex; b paöoqeM KOJiece 
rHÄpaBJinqecKne noxepn paccMaxpHBaKDXcn kbk noxepn no jiJiHHe^ 
a b oxcacbiBaK)iii.eH xpyöe — kbk BHxpeBbie. MsMeneHne cooxHomeHun 
MejKÄy noxepnMH xpeHnn n BHxpeBbiMH na nepacqexHbix pexcHMax b (|)op- 
Myjie Xaxxona xaKJxe ne yqnxbiBaexcn. C>opMyjia HMeex cjieÄyiomnö 
bhä: 


^ — (^rln 

1 - (^r)M 


Re \l/ö 


= 0,3 + 0,7(g|) 


(232) 


B oxjinqne ox (J)opMyjibi AKKepexa b EbipancennH (232) 30% Bcex 
rHÄpsBJinqecKHX noxepb BHxpeBbie h ne nepecqHXbiBaioxcH; 70% • 

noxepH no ^JiHne, Koxopbie noÄJiencax nepecqexy. 

PasBHXHCM HjieH pasÄCJibHoro nepecqexa KHÜ hbhjiocb npeAJiojKe- 
HHe npo(}). manoBa H. M. o6 yqexe HaMenennn oxnomenHH nepecqHxbi- 
BaeMbix H nenepecqnxbiBaeMbix noxepb b saBHCHMOCXH ox pejKHMa pa- 
öoTbi xypÖHBH [26]. Hm npeÄJionceno cjieAyiomee oxnomenne rnApaBJiH- 
qecKHx noxepb MOACJibnoH h naxypnoö rHÄpoxypönn; 

—e(l —S), (233) 

5.5 f'D7~ 

rjxe S = — BejiKqnna, yqHXbiBaK)ii].afl oxnomenHe nepecqn- 
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TUBaei^x noxepb sneprHH naxypnoH r xypOHnbi k nepecqnxbiBaeMbiM 
noxepBM moäcjih; e— äojih nenepecqHXbmaeMbix noxepb, saBHcnman ox 
pacxoAa qep03 xypÖHny. 

B UKTH HM. H. H. riojiaynoBa Ohjih npoBeACHH pacqexno-xeope- 
THqecKHe HCCjieÄOBanHH noxepb sneprHH b rHÄpoxypönnax h npejiJio- 
jKena öojiee coBepmennan Mexc^HKa nepecqexa Kltfl, [28]. Corjiacno 
9XOH MexoÄHKe noxepH b paöoqeM KOJiece noÄpasÄeJiHioxcH na KonneBue 
(npHMepno nojiOBHna Bcex noxepb), Koxoptie ne nepecqHXbmaioxcH, 

H noxepH npo(J)HJibHbie, nsMenniomHecH / __ 

B saBHCHMOCXH OX qHCJia Re: 


(Cnpo4))H — (Cnpo4))M p/ • (234) 

rioxepH B oxcacHBaiomeH xpyöe 
noÄpasÄCJiHioxcH na BnyxpennHe, nepe- 
cqHXbiBaeMbie npn homoiuh sasHCHMO' 

CXH 

= j/^- (235) 

H BHXOÄHbie, nenepecqnxbiBaeMHe 



(CBbIx)H - (CBbIx)M - 0^6 ' 


(236) 


Qj/Oicnm 


Phc. 55. OnpeÄCJieHHe äojih nene- 
pecqHTHBaeMBix noxepb. 


<I)opMyjia UKTH äjih nepecqexa rHÄpaBJinqecKoro KFLH noBopoxHO- 
jionacxHbix xypönn HMeex bhä 

r .. . /Re„\V6-i 


l-('»Jr)H = [l-(7ir)M][e + (l-e)(^) J. 


(237) 


rae « < 1 — äojih HenepecqnxbiBaeMbix noxepb, saBHcnman ox pexcHMa 
paöoxbi xypÖHHH e = / (QI; n[) (pHC. 55). JIjih paÄHSJinHO-oceBbix 
rHÄpoxypÖHH (npH nocxoHnnoM snaqenHH e, pasnoM 0,5) 

r /Re 

1-(■.).)„ = [1-(%)»! 0,5+ 0,5(i~) . (238) 


B oxeqecxBennoH npanxHKe rHÄpoxypöocxpoenHH naHÖojibuiee pac- 
npocxpanenne nojiyqnjiH (J)OpMyjibi OpocKypbi — My^H (227) h (228), 
a xaKJKe (JiopMyjibi UKTH (237) h (238). 

<I)opMyjibi nepecqexa KUR nenpepbmno coBepmencxByioTCH no Mepe 
naKonjiennn snanHH o noxepnx sneprHH, yjiyqmenHH mctoahkh Jiaöo- 
paxopnbix HCCJieÄOBanHH h xoqnocxH npoBCÄenHn naxypnnix Hcnnixa- 
HHH. HeKoxopbie cnenHaJincxbi BbiCKasbmaiox Mnenne o nejiecooõpas- 
HOCXH BbiÄaqn rapanxnfi KnjX naxypnofl xypÖHHbi no ÄannbiM Jiaöopa- 
xopnbix HcnbixanHH KpynnoMacmxaönbix Mo^caefl, npoBeÄcnnbix c bbi- 
COKOH XOqnOCXbK) H npH yCJIOBHHX, BOSMOJKnO ÕJIHSKHX K naxypnbIM. 
üocKOJibKy pasMep MOÄejiH npeAJiaraexcn Äocxaxoqno öoJibuiHM (Di = 
= 500 600 mm), nepecqex KIIR ne noxpeOyexcn. 
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^JIH KOBUiOBbix FH^ipoTypÖHH, HGiiHTaHHbix npH onpeÄGJieHHbix yc- 
JiOBHHX (^HaMeTp CTpyH 6ojiee 50 jwjw, Hanop HcnbixaHHH H > 2>0 m) 
KnH. HaxypHOH TypÖHHbi npHHHMaioT paBHbiM KTIR moäcjih. 


r/iasa IV. KABHTAI^fl B rHJ^POTyPBHHAX 

§ 29. KasHxaiinfl h ycjioBna ee BOSHHKHOBeHHH b noxoKe, 

npoTeKaionieM ^epes rn;^poTyp6HHy 

Kasumamieü HasbmaioT npouecc oöpasoBaHHH h pocxa nycTOT (Ka- 
BepH) B MecTax noTOKa. ^7^e ÄaBJieHne npHMepHO paBHO naBJieHHio 
HacbimeHHbix napoB h nocJieflyiomee hx paspymeHHe (saMbiKa- 
HHe) HHÄe no noTOKy b sõne öojiee bhcokhx ÄaBJieHHÖ. 3to cjiojKHoe 
HBJieHHe, onpeÄejineMoe rH;ipoÄHHaMHKOH noTona n 4)H3HqecKHMH cboh- 
CTBaMH ^khokocth. OpH HajiHqHH KaBHTai].HH cnjioniHocTb noTOKa na- 
pymaeTCfl. Hs OÄHO(})a3HOH cHcxeMbi dotok npeapamaercn b ÄByx(|)a3- 
Hyio — BOÄa H ny3bipbKH, HanojineHHbie napoM. Boa^yxoM n raaawn. 
Opouecc oöpaaoBaHHH, pocxa n aaMbiKannn nycTOT nporeKaer ne- 
pnoÄHqecKH, c öojibmoH qacToroH. SaMbiKanne napo-raaoBbix ny- 
3bipbKOB B 30He BOTOKa, Tfle aöcojiiOTHoe ÄaBJienne pa6c > Pd, nponc- 
XOÄHT npaKTHqecKH MrHOBeHHo, hto Bbi3HBaeT BHa^HTejibHoe noBbime- 
HHeÄaBjieHHB BMecTesaMbiKaHHfl nyabipbKOB, a aareMero noHHaceHne. 
rioÄ BosAeöcTBHeM KaBHTauHOHHoro npoixecca waTepnaa npOTO^noH 
qacTH THÄpoTypÖHHbi paspyuiaeTCfl. 

Cyn].ecTByK)T pas^in^Hbie TeopHH, oÖBacHmomne paspymeHHe npo- 
TOHHOH qacTH (Opro B. M. PHÄpoTypÖHHbi. Jl., Hsä-bo JleHHHrpaÄCKoro 
yHHBepCHTeTa, 1975). HaHÖojiee pacnpocTpaneHHOH h oöocHOBaHHOH, 
bhähmo, HBjiaeTCH MexaHUHecKüR meopuH, cyu].HocTb KOTopofi coctoht 
B cjieÄyiomeM [17; 18], B Mecxax KOHÄeHcauHH napo-rasoBbix nysbipb- 
KOB qacTHHbi ÄH^KOCTH ycTpeMJiHiOTCfl HaBCTpeqy ;i;pyr;i;pyry c Öojib- 
moH CKopocTbK), B pesyjibTaxc qero npoHcxoÄHT MecTHoe noBbimeHHe 
ÄaBJieHHH B nOTOKe. FloCJie CTOJIKHOBeHHH qaCTHHbl XiHÄKOCTH ÄBHra- 
lOTCH B npOTHBOnOJIOJKHOM HanpaBJieHHH, npH 3TOM MeCTHCe ÄaBJieHHe 
B noTOKe pesKo CHHJKaercn. Opouecc noBbimeHHH h noHHXieHHH ÄSBJie- 
HHH noBTopaeTCH c ÖojibmoH qacTOTofi. B pesyjibTaxe MHoroKpaxHoro 
BOSÄeficTBHH Ha OMbiBaeMbieMeTajiJiHqecKHe noBepxHOCTH bbicokhx h hhs- 
KHX ÄaBJieHHH MeTajiJi ycTaex h paspymaeTca. KaBHTauHOHHoe paspy¬ 
meHHe MexajiJia HaqHHaeTCH c oöpasoBaHHH MHKpoTpemHH b wecxax 
HajiHqHH BKJiioqeHHH (rpa(|)HT h np.) h cjieAOB MexaHHqecKoft oöpaöoxKH. 
B ÄaJibHefimeM npouecc paspymeHHH ycHJiHBaexcn, h b Hxore Mexaji- 
jinqecKaH noBepxHocxb mojkcx öbixb paspymena nacxojibKO, qxo cxa- 
HOBHxcH ryöqaxoH. Tan khk npn saMbiKaHHH KaBHxauHOHHbix ny- 
SbipbKOB 3HaqHxejibHO noBbimaexcH uaBJieHHe h xeMnepaxypa, xo oxi;ho- 
BpeweHHO G MexaHHqecKHM B03p;eHcxBHeM noxoKa na oöxeKaeMbie no- 
BepxHocxH HMeiox Mecxo xuMmecKue u dÄeKtnpoxuMmecKue npoi{eccbiy 
npHBOÄHmHe K eme öojibmeMy paspymeHHio MexajiJia. FlouxBepÄÄe- 
HHeM sxoMy cjiyÄHx xox ^^anx, qxo HepaianeiomHe cxajiH (13 h- 18% 


Gr H 1 - 5 - 3 % Ni), Koxopbie xopomo npoxHBOcxoax BOSÄeficxBHio Bbico- 
KHX xeMnepaxyp h XHMHqeCKH arpeccHBHbix cpe^, hbjihkdxch xaKace 

KaBHXaUHOHHOCXOHKHMH, X. C. HX paSpymCHHe nOÄ BOSÄeÖCXBHeM Ka- 
BHxauHH MeHbme no cpaBHeHHio c ÄpyrnMH MapnaMH cxajiefi. IloaxoMy 
ÄJiH oöecneqeHHH Jiyqmefi conpoxHBJiaeMocxH cxajiH BOSÄeficxBHio Ka- 
BHxauHH ocoöoe BHHMaHHe yÄejinexcH Bbiõopy ee XHMHqecKoro cocxana 
H MexaHHqecKHX cbohcxb, a xaKjKe xepMHqecKOH h wexaHHqecKofi o6- 
paöoxKe ^lexajieH npoxoqnofi qacxH XHÄpoxypÖHHbi, KOxopbie Moryx no^- 
BepraxbCH KaBHxauHOHHOMy BOSÄencxBHio noxoKa. 

OpH HaqajibHOH cxa^HH KaBHxauHH b noxoKe b sõne noHHJKeHHoro 
ÄaBJieHHH npH p > naqHHaexcn oöpasoBaHne MejibqafimHx n^ep — 
ny'3bipbKOB Bosuyxa h rasoB, Koxopbie pacxBopeHbi b BO^e hjih npHcyx- 
cxByiox B BHÄe BKJiioqeHHH. OöpasoBaHHe a^ep HMeex Mecxo, npejKÄe 
Bcero, BOKpyr MejibqaömHX xnepÄbix qacxnqeK, HaxoÄHinHxca b noxoKe. 
Opouecc oöpasoBaHHH a^ep sbbhchx xaKute ox (|)H3HqecKHx cbohcxb 
JKHÄKOCXH H ee xeMnepaxypbi. 3xh appa b ÄaJibneHmeM aBJiaioxca oqa- 
raMH pasBHXHa KaBHxauHH. OosxoMy BOSHHKHOBeHHe H pasBHXHe Ka- 
BHxauHH B noxoKe npoHCxoÄHx oöbiqHo npH aöcojiioxHOM ÄaBJieHHH, ne- 
CKOJibKO öojibmeM AaBJieHHa napooöpasoBaHHa, xaK KaK b HopMajibHbix 
ycjiOBHax BOÄa coÄCpJKHx pacxBopeHHbift Bos^yx h rasbi, a xaiöKe xBep- 
Äbie qacxHUKH. B ÄeaapupoBaHHofi BO^e (cneuuajibHO oöpaöoxaHHofi 
npH rjiyöoKOM BaKyyMe) KaBHxauna Moatex BOSHHKaxb npu aöcojiiox- 
HOM AaBjieHHH B HoxoKe pa6c, MCHbmeM ^laBJieHHa napooöpasoBaHHa pa. 
CjieÄOBaxejibHo, moäho xojibko npe^inojiaraxb, qxo KaBHxauHH Hacxy- 
naex npH ÄaBJieHHH b noxoue, paBHOM AaBJieHHio napooöpasoBaHHa, 
xaK KaK Ha ee BOSHHKHOBCHHe BJiuaex MHoa^ecxBO (|)aKxopOB. YcxanoB- 
jieHo, qxo pacxBopeHHbiH h BKjnoqeHHbift Bosuyx h rasbi ycKopaiox na- 
qajio BOSHHKHOBeHHa KaBHxauHH H ee cxenenb paSBHXua. OoaxoMy npH 
npoBep;eHHH KaBHxauHOHHbix HcnbixaHHÖ MOÄejiefi ruÄpoxypÖHH cjie- 
Äyex KOHxpoJiHpoBaxb KOJiHqecxBO Bosuyxa b Bo^e h ee xeMnepaxypy. 
PasHoe couepa^aHHe pacxBopennoro b Bo^e Bosuyxa npn HcnbixaHHH 
MOflejiH H B HaxypHbix ycjiOBHax na FSC uojijkho yaHXbiBaxbca npn 
onpeAejieHHH bbicoxbi oxcacbmaHna xypÖHHbi (cm. § 33). 

B saBHCHMocxH OX cxeneHH naucHHa uaBjieHHa h npoxa>KeHHOcxH 
30Hbi noHHuceHHoro ÄaBjieHHa pocx h pasBHxne nycxox moäcx npoHC- 
xo^HXb c pasHofi CKopocxbK). B 30He noHH^eHHoro uaBJieHHa b noxoue 
BbiucjiaioiuHeca Bosuyx h rasbi UHiJxliyHAHpyiox h nanojiHaiox Mejib- 
qafimHe aupa: HMeex Mecxo aasoean KaeumamiH. OocjieuHaa npe mTi e- 
cxByex H ycKopaex noaBjienne napoeoü Koeumat^uu. B cjiyqae napoBofi 
KaBHxauHH axipa HanojiHeHbi, xjiaBHbiM oöpasoM, napaMH BOUbi. B npo- 
xoHHOH qacxH XHÄpaBJiHqecKOH xypÖHHbi HMeex Mecxo, b ochobhom, na- 
posaa KaBHxauHa, ho npH ee HCCJieAOBaHHH yqnxbiBaexca BJiHaHHe 
H raSOBOH KaBHXaUHH. 

yjiyqmenne xexHHKO-sKOHOMHqecKHX noKasaxejieft rnupoxypÖHK 
UocxHxaexca sa cqex yMenbmeHHa hx pasMepoB h Beca npn ycjiOBHH 
oöecneqeHHa hx pacqexHoö moiuhocxh. ^xoõbi chhshxh pasMepbi h Bec 
arperaxa, neoOxoÄHMo npn xex me napaMexpax h npneMJieMbix snepro- 
KaBHxauHOHHbix xapaKxepHCXHKax yBejiHqnxb yAejibHyio nponycKHyio 
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.cnocp6H(*ib TypÕHHH H ee Hacrory Epamemis, mo cBHsaHo c (xvtom 
CK opocrea noToaa b npoTOqnoH qacrn Typei.Hbi h MOHceT npiiEeera 
K HBMeHeHHK) ee raÄpoflHHaMHqecKHX h npoqHocxHhix xapaKTepiiCTHK. 
ysejiHqeHHe CKopoc^ noroKa, xaK npaeHao. EbiabiBaer pocT noTCpb 
SHeprHH, naÄerae KOÄ xypÖHHU h aajibHeHuiee noHHjKeHHeMaE.-.eHiiH 

B OOXOK0. 

B npouecce SKcnjiyaxauHH rHapoxypÖHH Ha IBC hx MomHOCXb onpe- 
neaHexcsi rpa$HKOM HarpyaxH aHeprocHcreMu. Hpn peryjiHpoEaHiiii 
MomHocxH xypÖHHu MeBsexcH ee pacxofl h. aieflOBaTCjiW, BiaiiqiiHbi 
CKOpocxea h ÄaBJieHHH b npoxoqHoii qacxH. VBeaHqeHHe pacxoflaoöbiqHO 
npHBoflHX K pocxy ÄHHaMHqecKoro BaKyyMa b paÖoqeM KOJiece ii Ha 
Bxofle B oxcamBaiomyio xpy6y. HaMeneBHe pacxoÄa Ha FSC conpoBO*- 
flaexcH KOJieÖaHHHMH oxMexoK ypoBHa boäbi nepefl h sa iuioxhhS, hto 

TaiöKe BbisbiBaeT HSMeHeHne 

-ÄaBJieHHH b noTOKe, npoxe- 

KaiomeM qepes xypÖHHV. 
^ ripu HCKOTOpblX 3Ha*ieHllHX 

paGxo^ia H oTMeTKax ycxa- 
hobkh TypÖHHH no oTHome- 
- ^ ^ ^ HHjKHeMy 6be(})y aõco- 

y \i 2 ( Pz ' JiiOTHoe ÄaBJienne b noTOKC 

W2 U2 MoaccT npnöJiHSHTbca k äsb- 

Phc. 56. HsMeaeHae xaBaeBHa b Kaaaaax pafio- napooõpasoBaHiiH 

qero KOJieca peaKTHBHofi rHÄPOTypCHHL sa^iaHHOH xeMnepaxype 

BOÄbi. B pesyjibxaxe «lero 
„„„ - Hacxynaex KaBHxauHH, ko- 

Topan BBJiflexcH npnqnHOH yxyÄuienHH SKcnjiyaxannoHHbix xapaK- 
xepHCXHK rHflpoxypÖHHbi. J ** " F 

yMeHbiueHHe noxeHUHajibHofi sHepxHH ÄaBJieHHH noxoKa npii ero 
npoxojKfleHHH qepea pa&qee KoJieco xypÖHHbi aBjiaexca ecxecxBeHHUM 
npoueccoM npeoõpasoBaHHH XHflpaBaHqecKofi SHepxHH noxona B Mexa- 
HHqecKyio Baepraio Ha Baay xypÖHHbi. Hepenaa flaBaeHHH na paCoqeM 
KOJiece, xapaKxepHsycMUH KOB^xJiHUHeHXOM pcaKXHBHOcxH, XCM eaxbuie, 
qcM BMUie ÕHcxpoxoflHoexb rHÄpoxypÖHHbi. Bo.qbniaH pasHocxb aaBJic- 
HHH Pi — P 2 Ha Bxose H BHXOÄC H3 pafoqero Koaeca hphbobhx k cvuio- 
cxBCHHOMy naACHHK) aaBjieHHH Ha XbijibnoH noBepxHocxH Jionacxn 
(PHC. 56). CneÄOBaxejibHo, noBbiuieHHe CKopocxefi b noioKe, Heofi.xowi- 
Moe fljifl yBejiiiqeHHH öbicxpoxoMHocxH xypÖHHbi, csHsaHo c onaCHOcxi .10 
noHBaeHHHKaBHxaHHHBpaeoqeM KOJiece. Ohcbiiäho, qxo auh Aajibiicfi- 
Hiero yjiyqu^HH xexHHKO-BKOHOMHqecKHx noKasaxejieH rHApoarperaxoB 
H sjiaHun 1 3C (yMeHbnieHne hx pasMepOB n cxobmocth) Heo6xo;niMO, 

B qacTHOCTH, npHMeHHTb HpoTO^Hyio ^acTb nijipoTypÖHH c yjiymiicii- 
HbiMH KaBHxauHOHHbiMH xapaKxepHCTHKaMH. yjiyquieHne KaBnxami- 
OHHbix xapaKxepHCTHK npoeKTHpyeMbix rnÄpoxyp6HH Momex äocxii- 
raxbCH xaKHMH cnocooaMn: HcnojibsoBaHHCM coBepuieHHbix pacqexiiLix 
MexoÄOB pacqexa h aKcnepHMenxajibHOH äoboäkh npoToqnoH qacxii 
MOÄeJien nsBecxHbix xHnoB rHÄpoxypÖHH; npHMenenHeM hobbix xnnoB 
FHÄpoTypOHH c yjiyqineHHbiMH xapaKxepncxHKaMH. 


HäJiHqne b npoToqnon qacxH pasBHxon KaBHxauHH, BJiHHioineH na 
xapaKxepHCTHKH rHÄpoxypÖHHbi, neÄonycTHMO. ^To6bi ee Hsöeacaxb. 
hooõxoähmo 3HaTb, KaKHe ^aKTopbi BJiHBioT na na^enne ÄaBJieHHH b npo- 
xvqHOH qacTH, KaKne (JwpMbi h cTa^HH KaBHxauHH Moryx cymecTBOBaxb 
B noTOKe. npaBHJibHbiH yqex (JiaKXopoB, BJinaiomHX na KaBHTauHK), 
oöecneqHX Ha;i;eÄHyK) h aKOHOMHqnyio paöoxy rnflpoxypÖHH na FSC. 


§ 30. Bhäbi KaBHxai^HH, CTa^HH ee pasBHTHH 

H nocjieACTBnfl KaBHTai^HH b rH^poMainHHax 


B XHÄpoxypÖHHax paajinqaioT cjieÄyJomne bhäm KaBHxauHH: npo- 
^)HJibHyK), inejieByio, noJiocxHyio, KaBHxanHK) npn pesKOM H3MeHeHHH 
iianpaBJieHHH noxoKa, KaBHTauHK), BbiabiBaeMyio uiepoxoBaxocxbK) npo- 
ivqHOH qacTH [17; 18]. Hanöojibuiee na^eHHe a6cojiK)THoro ^aBJieHHH 


B xypÖHHe HMeex Mecxo b paöoqeM KOJiece, r^e nponcxoÄHX npopecc 
iipeoöpasoBaHHfl sneprHH noxoKa b MexannqecKyio snepmio. Flpn onpe- 
;\ 0 JieHHbix ycjiOBHÄX paöoxbi neKOTopbie h 3 nepeqncjieHHbix bhäob Ka- 
lUixauHH naÖJiiOÄaioxcH xaKXce b nanpaBJiaioineM annapaxe n oxcacbi- 


Baiomen xpyöe xypÖHHbi. O^HaKo sHeprexHqecKHe h KaBHxauHOHHbie xa- 
paKxepHCTHKH rn^ipoTypÖHHbi onpeÄejiaioTCH, b ochobhom, paöoqnM 

liOJiecoM [17; 281. 

npo4)HJlbHaiI KaBHTai][HlI. 
ripH oöxeKaHHH JionacxeH pa- 
öoqero KOJieca Moxcex bo3hhk- 
nyxb KaBHTai].H5i, Koxopaa 
nuHTCH npnqHHOH naMeneHHa 
xapaKxepHCTHK xypÖHHbi. Pac- 
iij^eÄeJieHHecKopocxen h Ä^BJie- 
inia na JionacxH aaBHCHX, b qa- 
cniocTH, OT (JiopMbi npocJiHjiefi, 
ux TOJIIUHHbl, OqepxaHHB BXOfl- 
iioii KpoMKH, yrjia axaKH n cko- 

..o.-TH ofixeKaHHH IDHC. 571. Pkc. 57. npo(j)HJibHaa KaBHxauHH. 


mpasoõam 


\upDcmmüepH 


P aspyuieH^ M^ 
KoõepH 




■l'o{)peTHqecKHM MaKCHwyM paa- 

poHiCHHH b noTOKe paeen /Ibsk = p&Tjy^ B tom Mecxe npo4)HJi5i, 
l Ac AaBJieiine npnöjiHJKaexcH k SHaqeHHio pjy, BOSHHKaex KaBH- 


rauHH. 

Bojibuioe BJiHHHHe na aniopy pacnpeAejienHH ÄaBJienHa (ocoöenno na 
luvinqHHy paapexceHHa na Hepaöoqefi cTopone Jionacxn) OKaabiBaeT 
<|)()pMa BXO,HHOH KpOMKH H pacnOJIOXteHHe MaKCHMaJIbHOH TOJimHHK 
jIOliaCTH. 

B saBHCHMOCTH OT pexiHMa paõoTbi rHApoxypÖHHbi Moryx naÖJiK)- 
;bn’bCH cjieÄyiomne cTaAHH npocJiBjibHOH KaEHTannn: naqajibnan, pasBii- 
H oxpbiBHan. 

HaHüÄbHaR cmaduH (pnc. 58, a) —oÖTeKanne Jionacxn noqxn ne Menn- 
ercn, xax nan KaBnTaunn BoannKaex tojibko b oxÄGjibHbix Mecxax jio- 
iiacTH. XapaKxepncxnKH rn^ipoxypönHbi ne naMenniOTCH. 
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.Paseuman cmoduR (pHC. 58, 6) — KaBHTauHOHHbie KaBepHBi noKpbi- 
BaioT öojibiuyK) qactb TbUibHoö cTOpOHbi npo(J)HJiB; botok oTCJiaHBaeTca 
OT nOBepXHOCTH npo4)HJIB, HO HC OTpbiBaexcH. npH 3TOH CTaAHH KaBH- 
TaUHH HSMeHHIOTCH FHÄpOÄHHaMHBeCKHe xapaKTepHCTHKH JIOnaCTeÖ 
paöoBero KOJieca (K034)(|)HUHeHTbi C^, h C^. 

Ompbienan cmadun (pHC. 58, e) hphboäht k pesKOMy HSMeHeHHio 
(|K)pMbi noTOKa, BOspacTaHHK) noTepb sneprHH, naACHHio Klljl h naJiH- 
MHK) nepHOÄH*ieCKHX B03MyiHaK)IH,HX CHJI, ÄCHCTByiOIHHX Ha JIOnaCTb. 
OxpbiBHaH KaBHTaiiHH b paöoqew KOJiece HeAonycxHMa, xaK kbk xapaK- 
xepHCXHKH rHÄpoxypÖHHbi GymecxBCHHO yxyÄUiaioxcH. 



a õ 6 

Phc. 58. PasJiHqHue craÄHH pasBHTHH npo(J)HjibHOH KaBHxauHH: 

a — Ha'ianbHa 5 i; õ — pasBHxaH; e — oxpuBHaH. 


Kanepa 

paöoijesa 

Ko/ieca 


a õ Ö 

Phc. 59. OopMH xopuoB ÄOnacxH: 

□ — HeoepaCoTaHHuR; 6 — saKpyrJieHHžjfi; e — ycranoBKa cneuHajibHoro öypTHKa. 





lL(ejieBafl KaBHxai][H5i. ^epes sasopbi y BxyjiKH h na nepH(J)epHH pa- 
6o*iero KOJieca noBopoxHOJionacxHoft rHÄpoxypÖHHbi Bacxb BO^ubi äbh- 
xcexcH B oöxo^ jionacxefi. Hpoxe^KH boäh h HHxencHBHOCxb BHxpeoöpa- 
soBaHHH B mejiH saBHcax ox Be;iH*iHHbi sasopa, (JiopMbi xopuoB H nepe- 
na^a ÄaBJieHHH na jionacxH. üpH onpeÄCJieHHbix ycjiOBHHX CKOpocxH 
B meJiH cyiij.ecxBeHHO Bospacxaiox, a ÄBB^neHHe naAsex. BosHHKaex me- 
jieBan KaBHxauHH. ZIjih ocJiaÖJieHHH mejieBofl KaBHxaii.HH h yMOHLUie- 
HHH paspymeHHH KaMepbi paöo^ero KOJieca h xopuoB jionacxeft npn- 
HHMaiox cjie^yiomHe Mepbi: 

1. 06ecne*ieHHe MHHHMaJibHHX sasopOB Mem^y JionacxaMH hobo- 
poxHOjionacxHoro paöoqero KOJieca, KaMcpoH h BxyjiKOii npH pasjiH^- 
Hbix yrjiax ycxanoBKH jionacxeH, Haxoj^HmnxcH b npeACJiax A — 
= (0,0005 -f-0,001) Dj. C 3X0H uejibio BxyJiKy pa6oqero KOJieca bbi- 
nojiHHKDX c4)epH*iecKOH 4)opMbL KaMopa paöo^ero KOJieca oöbwho nojiy- 
c4)epHqecKaH. 

2. SaKpyrjieHHe xopiiOB JionacxH (pHC. 59, 6). MecxHbie CKopocxH 
noxoKa b n;ejiH b 3xom cjiy^iae yMeHbUiaKDXCH no cpaBHeHHio c Jionac- 
XHMH C HeOÖpaÖOXaHHOH KpOMKOH (pHC. 59, ä). 
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3. ycxaHOBKa cneuHaJibHbix öypxHKOB b^ojib nepH(J)epHH jionacx» 
(pHC. 59, 6). CjieAyex oxMexHXb, nxo öypxHKH, CHHxcan KaBHxaunK), npH- 
BO^HX, KaK noKasajiH HCCJieAOBaHHH, k HeKOxopoMy na^eHHio Kflü 
xypÖHHbi. 

4. HsroxoBJieHHe KaMCpbi paöonero KOJieca h Jionacxen h 3 Hepxca- 
BeioineH cxajiH, Koxopaa xopomo npoxHBOcxoHx BOSAeficxBHK) KaBHxa- 
Ü.HH. B uejiHX 3KOHOMHH B03MOÄHa HanjiaBKa Jionacxeft, BbinojineHHbix 
H 3 yrjiepoÄHCXOH cxajiH 3JieKxpoÄaMH h 3 HepÄaBeiomefi cxajiH. Jio¬ 
nacxH H KaMepbi pa6o*iHX KOJiec, cpe^ne- h BbicoKonanopHbix xypÖHH, 
KaK npaBHJio, BbinoJiHjnoxcn nojiHocxbio h 3 HepHtaBeiomeH cxajiH, 

niejieBan KaBHxaiiHH moägx HaÖjnoAaxbcn xaKx^e h b HanpaBjmio- 


ineM annapaxe (b sasopax Mem- 
;;y xopnaMH jionaxoK, BepxHHM 
H HH3KHHM KOJIbUaMH HanpaB- 
jiHioinero annapaxa), a xaKJKe 
B ynjioxHeHHHX pa6o*iHX KOJiec 
paflHajibHO-oceBbix rHÄpoxyp- 
6 hh. 

IlOJIOCXHaSI KaBHTaUHH Ha ~ 
BuxoAe H3 paöoMcro KOJieca. 

Ha pexcHMax, oxjihhhbix ox 
onxHMajibHoro, aa paöoHHM 

« iV 

KOJiecoM paAHajibHO-oceBbix h 
nponeAJiepHbix xHApoxypÖHH 
HaÖJiioAaexcH HHxencHBHoeBpa- 
ineHHe noxoKa. üpn nacxnnHbix Phc 
H arpysKax noxoK aa paöonnM _ 



Vz 


vninonrfKt tmnTTinATPa R TOM WP 


Phc. 60. BpameHHC noxoKa sa äccxkojio 
nacxHUM paöoqHM kojibcom: 

- onTHMajibHuft pcmchm;-Pcähm qacxHTOofi 


HanpaBJieHHH, nxo h paöonee ko- 

jieco; npH HarpyaKax, öojibniHX onxHMajibHon, BpameHHe noxoKa npoxH- 
BonoJioJKHO BpaineHHK) paõonero KOJieca (pnc. 60). FIoxok, Bpaiii.aiomHH- 
CH aa paöoHHM KOJiecoM (aa HCKjnoneHneM HApa BHxpn), noAnHHnexcn, 
B OCHOBHOM, aaKOHy nOCXOHHCXBa MOMCHXa CKOpOCXH. npH 3X0M BO BXOA- 
HOMceneHHH oxcacbiBaiomeH xpyöbiOKpyjKHan cocxaBJiniomaH aöcojiiox- 
HOHCKopocxH yBejiHHHBaexcH K ocH xypÖHHbi, a ABBJieHHe naAaex. Ha 
HeKoxopbix pejKHMax paöoxbi h npn onpeAejieHHOÖ ycxanoBKe xHApoxyp- 
ÖHHbi no oxHomeHHio k nnjKHeMy 6be4)y ASBJieHHe b noxoKe y och xypÖH- 


Hbi MOHcex npnÖJinaHXbCH k ABBJieHHio napooöpaaoBaHHH. Bo Bpamaio- 
ui.eMCH noxoKe oöpaayexcn nojiocxb (jKryx), HanojineHHan cMecbio napOB 
BOAbi H raaoB. >Kryx Bpamaexcn He xojibko BOKpyr coöcxBeHHon och,, 
He coBnaABiomeH c ocbio xypÖHHbi, ho h BOKpyr och xypÖHHbi (npenec- 


CHOHHoe BpaLu,eHHe). OöpaaoBaBiuancH nojiocxb cxecHnex noxoK h bh- 


abiBaex aa paöonHM kojiccom HeocecHMMexpHHHoe BpamaiomeecH nojie 
AaBJieHHH. B peayjibxaxe b noxoKe aa paöonHM KOJiecoM HaÖJnoAsioxcH 
KOJieöaHHH (nyjibcaiiHH) AaBJieHnn, Koxopbie Moryx hbjihxbch npnnHHon 
BHÖpauHH H HeycxoHHHBOH paöoxbi THApoarperaxa. JIjih yMeHbUieHHn 
nyjibcauHH ABBJieHHH b noxoKe h KOJieöaHHH moiahocxh arperaxa npn- 
MeHHiox pHA Mcp, cpeAH Koxopbix HaHÖoJiee pacnpocxpaneHHbiM hbjih- 
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CTCfl BFiyCK B03ÄyX3 fip/I, pa6o'I60 KOJI6CO. nOÄB6ÄGHHbIH B COOTBCTCTByiO- 
tII,HX M6CTaX H B OnpeÄGJlBHHOM K0JIH^6CTB6 BOS^yX OKaSbIBaCT ^CMIKJ)!!- 

pyioiuee BOSÄeficTBHe, nosBOJiBH öeaonacHO SKcnjiyaTHpoBaTb arpe- 
raT Ha Hepac^exHbix pexcHMax. Bejin^iHHbi aMnjiHxyÄbi nyjibcauHÖ ä^b- 
jieHHH, HX qacTOTa na pasjiHHHux pejKHMax paöoxbi xypÖHHbi, a TaioKB 
KOJi»raecTBO H MecTO BnycKa BOSAyxa hbjihiotch npeflMeTOM cneiinajib- 
HblX HCIIbITaHHH MOfleJieH H HaxypHblX THÄpOTypÕHH. 

KaBHTauHH, BfaisbiBaeMaa pe3KHM HSMeHeHHeM HanpaBjieHHii no- 
TOKa. reOMeTpH*ieCKHe 0'‘I6pTaHHH npOTO^HOH ^aCTH H pGÄHM paÖOTbl 
rHÄpOXypÖHHbl BJIHHIOX Ha MeCXHyK) KaBHXaUHK). Pe3K06 HSMeHCHHe 
HanpaBJieHHH noxoKa, nanpHMep, b sõne HanpaBJiHKDHiHM anna- 

paxoM H paöoHHM KOJiecoM HjiH B HSOFHyxoH oxcacbiBaionieH xpyöe 
npHBOÄHX K MecxHOMy oxpbiBy noxoKa h KaBHxauHH. ^ _ 

KäBHxauHH H3-3a luepoxoBaxocxH oÖxeKacMbix noBepxHOcxefi. 
poxoBaxocxb noBepxHocxH, HBJiHiomaHCH pesyjibxaxoM HeÄOCxaxoHHofi 
MexaHH*ieCKOH OÖpaÖOXKH J^exaJI6H npOXOHHOH HaCXH, BbI3bIBa6X M6CX- 
Hoe yBCJiHMeHHe CKopocxefl, naÄ6HHe ä3bji6Hhh h JioKajibHyio KaBHxa- 
UHK). XapaKXPpHcxHKH rHAppTypÖHHbi, ycxaHOBJieHHOH Ha r3C, cnaqajia 
He nperepneBaiox HSMeHeHHH. C xe^enneM BpeMCHH npouecc pa3- 
pymeHHH ÄexaJiefl npoxoqnoH qacxH cxanoBHXca Bce öojiee hhxchchb- 
HbiM, H B pesyjibxaxe KFUI h MouxHocxb xHÄpoarperaxa cHHÄaioxcH. 
OoaxoMy npH naroxoBJieHHH npoxoHHOH *iacxn xHÄpoxypÖHHbi neoöxo- 
ji,HMO oöecneqHXb cooxBexcxByiomyio HHCxoxy oöpaöoxKH noBepxHOcxefi, 
OMHBaeMblX nOXOKOM. 

KaBHxauHH B THÄpoManiHHax, ocoöeHHo ee paaBHxan cxa^HH, Bbi3bi- 
Baex SHaHHxejibHoe HSMeneHHe cxpyKxypH noxoKa, ero 4^H3H^ecKHX 
CBOHCXB H npHBOJlHX K CnCÄyiOmHM HOCJieACXBHHM: 

1. yxyÄUieHHe sHeprexnqecKHX xapaKxepHCXHK rHÄpoxypÖHHbi, 
B HMCHHO n ajT PHHe ee Krm H MOUiHOCXH. Moni,HOCXb xypÖHHbl CHHHta- 
excH He xojibKO H3-3a naÄeHHH KHil,, ho xaKJKe ^aroAsp^ yMeHbUie- 
HHK) nponycKHOH cnocoÖHOCXH xypÖHHH H MaccoBOH njioxHocxH noxoKa. 

2. PaapymeHne J^exaJIeH npoxoqHoö qacxH, qxo ephboäht k BbinyHi- 
ÄeHHHM ocxaHOBKaM npoHSBOflcxBa peMOHxa H noxepH BbipaöoxKH 
3jieKxpo9HeprHH. 

3. y^apM B npoxoHHOH qacxH h KaBHxauHOHHbiö myM, conpOBom- 
ÄaiouiHe aaMbiKaHHe KüBepn h BHxpefi b noxoKe. 

4. BHÖpauHH XHÄpoarperaxa h SÄaHHH T3C, npHBOÄHm.aH, b qa- 
cxHocxH, K oöpasoBaHHK) xpeuiHH Ha JionacxHx paöoqero KOJieca. 

Mxoöbi HCKJIIOqHXb pa3BHXyiO KaBHXaUHK), HeOÖXOÄHMO npaBHJIbHO 
easHaqnxb pencHMbi SKcnjiyaxaHHH h oöecneqHXb neoõxoÄHMbie Bbicoxbi 
oxcacbiBaHHH npH ycxanoBKe ruApoxypÖHHbi na ESC (cm. § 32). 

§ 31. KaBHTaEHOHHblH K0^4}4^H^HeHT yCXaHOBKH 
H KaBHXailiHOHHblH K034)4*HIl,HeHT xypÖHHM 

KaK öbiJio oxMcqeHO Bbime, b npoxoqnoH qacxH peaKXHBHoft rnApO" 
xypÖHHbi HaÖJiKDÄaexcH anaqHxejibHoe na^CHHe AaBJieHHH, BbiaBaHHoe 
EOJiesHõH nepeÄaqeö aneprHH noxoKa paöoqeMy KOJiecy, a xaKHce noxe- 


^26 


pefi Hanopa. MaKCHMajibHoe pa3pe>KeHHe b hoxokc oöbihho HMeex mccxq 
H a xbiJibHOH cxopone jionacxefi b 30He BHXo;ia h 3 paöoqero KOJieca. 

JXji5i onpeAeJieHHH ycJiOBHH oxcyxcxBHH (hjih HajiHqHH) pasBHXOH 
KaBHxauHH B npoxoqHOH qacxH rHApoxypÖHHbi cjieAyex paccMOXpexb 
napaMexpbi h eejiHqHHbi, BJiH5iK)ui.He na ÄaBJieHHe b noxoKe qepea ruApo 
xvpÖHHy. Hx npHHHxo npeAcxaBJiHXb ÄfiyMH K03(J)(5pHU.HeHxaMH: Kosq)- 
(hHUHenxoM ycxanoBKH, Koxopbift xapaKxepnayex ycJioBHfl sKcnJiyaxauHW 
rHApOXypÖHHM Ha PSC, H KaBHXaUHOHHHM K03(|)4)HHHeHXOM xyp- 
ÖHHbi, xapaKxepnayioiaHM AHHaMHqecKoe paapexieHHe b noxoKe h, 
CJieAOBaxejibHO, KaBHxauHOHHbie KaqecxBa npoxoqnofl qacxH. 



Phc. 61. HaMeneHHe cKopocTeü h ÄaBJienHH b npoToqHofi qacra rHApoTypÖHHbj:- 

a — peaKTHBHofi; 6 — aKXHBHofi. 


KaBHXaUHOHHblH K03(i)4)HUHeHX yCXaHOBKH. MHHHMaJlbHOe AaB^e- 
HHe B noxoKe qepe3 paöoqee KOJieco peaKXHBHOH xHApoxypÖHHbi 117; 
281 HMeex Mecxo b xoqKe Kt cAe oxHOCHxejibHaa CKOpocxb Wk Hanöojib 
man. BejiHqHHa AaBAeHHH b xoqne K saBHCHX ox AHHaMHqecKoro Ba- 
KyyMa h pacnojiojKeuHH paöoqero KOJieca //$ no oxHomeHHio k HH^KHeMy 
öbe^jy. CorJiacHo pHC. 61, a: 

^ (239) 

— - "s . ^ 2g ^ T ’ 

r^e X — — AHHaMHqecKHH BanyyM b xoqne /C; X — K034)4)HUHeHX npo- 
HopAHOMJibHOcxH, X =- 1 — C (C — oxHOCHxeAbHbie noxepH sHeprHH 
B paöoqeM KOJiece). 

B CBOK) oqepeAb, AHHaMHqecKHH BanyyM b noxoKe qepea paooqee 
KOJieco saBHCHT OT Hanopa, npn KoxopoM paöoTaeT rHspoTypÖHHa: 

(240) 

(J — K034)(l)HI].HeHX nponOpUHOHaAbHOCXH. 
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nfL™™ ~ äTMooJjepHoe ÄaaneHHe, m cm - n 
Bticoxa OTcacbiBaHHH rHflpoTyp6HHu, mxmiHBaeMaa ox 


— CTarmecKan 
HHÄHero 6he^a 


ÄO yCJIOBHOH OTMeTKH TVDÖHHKT R 

ilOTOKa. -L ’ ^ napooöpasoBaHHH 


saBHCHu^eeoxx^nepaxypH h raaoco^HHH Boan. .aoö. c.. 


il _ nanop. npa KoxopoM paöoxaex xypÖHHa na flaaHOM peMMe, 


M eod. cm. 


Wpa^Ba„:aTrnll“y„“ ® 

jepes^S™}^^ ™cTre^K™STHÄpOTTO6'^ '^htohkh 

■öhkhom BOÄOBojie CKopocxb noxoKa v ^ ypÖHHu (pHc. 61). B xyp- 

p cxb noxoKa HMeex HeÖcuibuiHe sHa^ema, 


oõpaayexca b KHHexHqecKyw SHeDr™ P™" "Pe- 

ÄBMeHHe ocxaexcfl 6oabme ax^Xp^^o B ’ ^6coaK.xHoe 

ÖeHHo Ha TbuibEOH CTODOHe jTOTTflpSZ? “ P®öo*JeM Kojiece, oco- 
»aexcfl. npH HaeaarXHBTHHx v^n ■ cymecxBeHHo noZ 

BHJibHofi ycxanoBKe xvpSHHu na FSC ««“Pa- 

Topux Mecxax noxoKa ae^a MameHue b neKo- 

^aaaeHHa napooöpaaoBaHHa. B oxcacHBaX/°x™ 6“pa 


HaKoneu, b BuxXioM CCTeHHH xp^u yBMHqHBaexca. 

•aeHHe b noxoKe Soabiue bxmXd™™ 1 äbb- 

peacHMOM pa6orbi rHapoxypgHiii a onpeaeaaexca 

Hxaa, BeanaHHa MHHHMaabHoro no-5HH»HHfl Bbeib. 

H ee PBcnoao»eHHe3aBHc™pe»™X”(L’"'‘’'"f 
HHjKHero 6be4)a. HeofixoflHMo xL^ctL-r^“ TypÖHHu h noao»eHHa 
npH Bcex peacHMax b np^Hoft ai™ afrfa ™6bi 

He npaSaaafaaocb k aasaeHHio nar^nn« ''^'BoeÄaBjieHHe b noxoxe 
pacnoaoateHHa xypfiaHbi no oxHonieHHm Btiöop oxMexKH 

npHHaxofi BeanaHHb. KaB^^aZo 
6HHbi O, H Hanopa. Hph VEMHulai^ K09()*},HnHeHxa rnapoxyp- 

HaMaaecKHK BaKy^ B xWh"o Bofp”® Zvf™™ 

-eHae //,, cor.aacHo Bb,pa»eHH>o (239), ySbm^a; ^ 




2^ 


Eä 

T ■ 


(242) 
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K£lBHTai](llOHHIdH K034)(|)HItHeHT TypÕHHbI. ^TOÖbl OnpCiieJIHTb 3TOT 
K03{J)(})HI].HeHT, HeOÖXOÄHMO yCTaHOBHTb yCJIOBHH BOSHHKHOBeHHH KaBH- 
TauHH B FHÄpoTypÖHHe. SToro sanHCbiBBHDT nocjieÄOBaiejibHO ypaB- 
HeHHH SHeprHH ÄJIH yqacTKOB K — 2 h 2-^ bäojib oähoh h toh jkb 
C rpyHKH H BH^HCJIHIOT ÄaBJICHHe B TOqKC K (pHC. 61). JXJIH OTHOCHTe.qfa- 
Horo noTOKa b paöoqcM KOJiece Ha yqacTKe K — 2 


I _P2 I “'ä "2 , ^ , r u 

2g + ^ + 2g" + 22 + U-2//, 


(243) 


r^e ^k— 2 H — noTepH nanopa na yqacTKe K — 2. 

AöcojHOTHoe ÄBHjKeHHe noTOKa MejKÄy TOHKaMH 2 (bhxoä h 3 pa6o- 
qero KOJieca) h 5 (noBepxHocTb HHHtHero 6be(J)a) xapaKiepHayer cjie- 
ÄyiOmaH SaBHCHMOCTb: 


^-4-— -4-7 

7 + 2i? 


+ 


(244) 


OnpeACJiHB BejiHqHHy ~ h3 ypaBHeHHH (244) h noÄCxaBHB ee b ypaB- 
HeHHe (243), noayqaioT 


Pk . ^K . Pbtu ^2 <. I r t/ I 

7 + 2g + ^/C — ' 2i ^2-6“ + 

Klg «2 

- % ^K-2H. 


OTKy^a HaxoÄHT npeBbimeHHe AaBJieHHH b Toqxe K naA aTMOc4)ep- 

HblM ÄaBJieHHCM 


Pk — Pb 


rjie H^—h, 


2 2 2,2 2 
W2—Wj^ — V2 + Uf^ — «2 


+ U-5H — {H,-h^), (245) 


BbiqHTan h3 oöchx qacTefl ypaBHeHHH (245) BejiHqHHy h npe- 
Heöperan noKa snaqeHHeM hic (pHC. 61), nojiyqarox BtjpajKeHHe, onpe- 
;i,ejiHK)ui.ee cooTHomeHHe Me>K,ny AaBjieHHeM b tohkg /C h ,n,aBJieHHeM 
napooöpaaoBaHHH (nojiaraioT, qxo ^aBJieHHe HBJinexcH KpHxnqe- 
CKHM, npH KOXOpOM B XOHKe K HaÖJHOÄaeXCH KaBHXaUHH): 


^4tm - 


2 2,2,2 

t^2 *7” ^2 


—Ck-b). (246) 


riepBbiH qjieH b npaBOH qacxH ypaBHeHHH (246) npeAcxaBjinex coõoh 
K aBHXaHHOHHblH K03(jD(jDHHHeHX ycxaHOBKH <Ty. BxopOH qjieH Ha3bIBa- 
excH KaeumaquoHHbiM KOd^ipuiiuenmoM zudpomypöuHbr, ero BejiHqnna 
aaBHCHX ox XHÄpOÄHHaMHqecKHX xapaKxepHCTHK npoxoqnoH qacxn: 


Ot — 


— wl-\- vl-{- ui 


-C/C—5- 


(247) 


5 7-204 
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TaKHM ©öpasQM, BbipaMceHHe (246) mohcct öutb npeAcxaBJicHO b 6o- 
jiee HarJiHÄHofl 4>opMe: 



• AnaJiHaHpyH ypaBneHUB (248), npHXOÄBX k cjie^yiomeMy saKJiio- 
qeHHK). Ecjih Bbicora oTcacbiBaHHH rHÄpoTypÖHHbi BbiöpaHa TaKofl, 

Oy > ©T, aöcojiioTHoe ÄasjieHHe b To*iKe K (r^e CKOpocTb wk MaKCH- 
MajibHa) öojibiiie jiaBJieHHB napooöpaaoBaHHB, h pasBHTan KaBHTaiiHH 
E pa6o*ieM KOJiece orcyrcTByeT. OpH ©y << ©r b to^kc K HaöJUOÄseTCH 

paSBHTaH KaBHTaUHB, XaK KaK ^ KaBHXaUHOHHblH K03(J)4)H- 

UHeHX xypÖHHbi, npH KOxopoM Ha ^aHHOM pejKHMe paöoxbi HaöJHOita- 
excH pasBHxaH KaBHxauHH, HasbmaexcH KpumuHecKUM Okp- Ero sHa- 
qeHHH Ha pasJiH^iHbix pejKHMax paooxbi xypÖHHbi onpeÄeJiHiox npH no- 
MOUIH KaBHXaUHOHHbIX HCHblXaHHH xeOMexpHHeCKH nOÄOÖHOH MO;ieJIH 

(§ 43). BbipajKGHHe onpeÄCjiBHHH aöcoJiioxHoro AasjieHHH b xoHKe 
K MOHcex 6bixb nojiy^eHo h3 ypaBHenHH (246): 

(249) 

TaK KaK BCJiHqHHa Gt HBJiaexcH BnojiHe onpeAeJieHHOH äjih äbhhoh 
xypÖHHbi Ha paccMaxpHBaeMOM pencHMe paöoxbi, h3 ypaBHeHHH (249) 
npHÖJIHHCeHHO HaXOÄHX BeJIHHHHy ÄOnyCXHMOH CXaXHHeCKOH BblCOXbl 
OXCaCWBäHHH XypÖHHbl, npH KOXOpOH pa3BHXaH KaBHXaUHH B nOXOKe 
jlojiJKHa oxcyxcxBOBaxb: 

Bs < HaTM — OtH —^, (250) 

me Pk ^ Pd- ^ ^ 

^xo6bi HCKJiiOHHXb pa3BHxyio KaBHxauHio B xypOHHe, X. e. oöecne- 

*iHXb BbinojiHeHHe ycjioBHH (oy > ©t) npH Bcex pe>KHMax ee paöoxbi 

Ha r3C, cyui.ecxByeT ^Ba nyxHi 

1. Bbi6op pac^eTHoro pe>KHMa (Qi, aIc\ n\, oõImuh), npH KoxopoM 
K03(|){|)HII.HeHT KaBHXaUHH xypÖHHbl ©t Õy^GX MCHbme K034)(^HLi:HeHXa Oy, 
onpe;i,ejiHeMoro sajiaHHOH no xexHHKo-sKOHOMunecKHM coo6pa>KeHHHM 
flOnyCXHMOH Bbicoxofl OTCaCbIBaHHH. 

2. HaanaqeHHe pacnexHoro pe>KHMa XHApoxypÖHHbi iicxoäb h 3 yc- 
jioBHH ÄOCXHJKeHHH onxHMajibHHX xapaKTcpHCTHK arperaxa b ixe-jioM 
(BbicoKHH Kn/X, MHHHMajibHbie pasMcpM, Bcc H cTOMMocTb). Flojiynae- 
Man pacMexoM BejinnHHa oxcacbiBaHHH (cm. ypaBHCHne 250) ;io.Ti>KHa 
öbiTb oöecneqeHa npn ycxaHOBKe rHÄpoxypönHbi na FSC, 

B npaKXHKe npoeKxnpoBaHHH FSC npH Bbiöope xypöiiHHoro oöopy- 
;i,OBaHHH oöbinHO crpeMHXCH oöecnennxb MHHHMajibnyio ctohmocxb co- 
opyHceHHH SÄaHHH F3C npH ycjioBUH oõecneneHHH neoöxoAHMOH bh- 
COXbl OXCaCbIBaHHH FHÄpOXypÖHH. OaHOH H3 XeHÄeHHHH paSBHTHH 
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rnjlpoxypöocxpoeHHH HBJinexcfl cxpeMJieHHe yjiyquiHXb KaBHxauHOHHbie 
xapaKxepHCXHKH XHApoxypÖHH npH oflHOBpeMeHHOM yBejiH^eHHH hx 
Ö blCXpOXOAHOCTH. 


§ 32. OnpeAeJienne bbicotm oTcacbiBaHHA 
H ycxaHOBKa rHÄpoTypÖHH ea r3C 

MomHocxb XHÄpoxypÖHH Ha F3C peryjiHpyexcn HaMeneHHeM pac- 
xo^a; nosxoMy na pasJiHHHbix pexcHMax paöoxbi KaBHxauHOHHbifl kos^)- 
<J)HHHeHX Gt H ;;OnyCXHMaH Bbicoxa OXCaCHBaHHH//^ XypÖHHbl MeHHIOTCH. 

OöbiHHo ©T pacxex c yBejiHneHHCM pacxoAa, a yMeHbuiaexcn. B cbok) 
onepeAb, HaMeneHHe pacxoAa nepea rHjipoxypÖHHbi npHBOÄHX k KOJie- 
öaHHK) oxMCxoK BepxHexo H HHXcHero 6be4)OB H Hanopa na cxanuHH. Flpn 
yBeJiHMeHHH pacxoÄa hhähhh 6be(}) 
noBbimaeTCH, npH axoM (})aKXHHec- \ 

Kan Bbicoxa oxcacbiBaHHH xypÖHHbi op? ----- 

yMeHbinaexcH (pHc. 51), a Oy yEejiH- _____ 

HHBaexcfl. ripH Bcex BoaMOJKHux pe- ’ 

jKHMax sKcnjiyaxauHH rH^poxypÕHHbi " q 20 40 60 80 lOO 120 1^0 H,m 
Ha F3C ee 4)aKXHHecKaH Bbicoxa ox- 

cacbiBaHHH Hs^ ÄOJixcHa 6brrb MeHb- Phc. 62. rionpaBKa k KaBHxaiiHOH- 
uie (hjih paBHa) ^onycxHMOH bcjih- homy Ko34)4)HUHeHTy Aa =/(/f). 

qHHe //sÄ- „ . 

JI.onycxHMaH Bbicoxa oxcacbiBaHHH HaxypHOH xypoHHbi noÄCHHXbi- 

BaeXCH Ä-HH paaJIHHHblX peJKHMOB paÖOXbl na OCHOBaHHH ASHHblX KaBH- 

xauHOHHbix HCHbixaHHH nofloÖHOH moac^ih: 




(251) 


r^e Haru — BejiHHHHa axMOC^JcpHoro ;;aBJieHHa (npn HopMajibHbix ycjio- 
BHHX //htm = 10,33 M eod. cm.); ©m — KaBHxauHOHHbift KoacJxJmuHeHX 
no^oÖHOH MOÄeJiH Ha paccMaxpHBaeMOM pejKHMe paöoxbi; Aa nonpaBKa 
Ha oxjiHHHe ©T ox ©mJ H — Hanop xypÖHHbi na flannoM pexcHMe 
paöoxbi, M eod. cm.; H^ —j],aBjieHHe napooöpaaoBaHHH noxoKa, aaBHcnmee 

OT xeMnepaxypbi h raaocoÄepjKaHHH boäh, m eod. cm.; nonpaBKa 

Ha BbicoTHoe pacnoJTo>KeHHe F3C no oxHoiueHHio k ypoBHio Mopn, m . 

nonpaBKa Aa= Ot— ©m npe^cxasjuiex coöoio paanocTb Kaanxa- 
UHOHHbix K 03 (JxJ)HiineHTOB HaxypHOH xypÖHHbi H MOÄeJiH Ha naoroHajib- 
HOM pe>KHMe paöoxbi (cm. § 33). Ee BejiHHHHa aaBiicHT ox Hanopa xyp- 
öiiHbi (piic. 62). HeoOxoÄHMocTb npiinnTna Aa oOycjioBJieHa cjieflyio- 
iuhmh coo6pa>KeHH5iMn. jla>Ke npn hojihom oöecne^eHun reoMexpn- 
necKoro noAOÖnn Bejuinniia ©t Ha iiaoroHajibHbix pexcHMax paöoxbi 
ÖOJIbine ©M, HTO BbiaBaHO MeHbUIHMn OTHOCHXeJIbHblMH rHApBBJinqe- 
CKHMH nOXepHMh HBXypHOH XypÖHHbl H ee ÖOJlblUHM ÄHHaMHqeCKHM 
BaKyyMOM. XXnjiee, npn naroxoBJieHHH npoTOHHon qacxii HaxypnoH 
rH;i,poxyp6HHbi, ocoöeHHO paöonero KOJieca, BoaMo^KHu HCKoxopbie 
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OTcrynjieHHH or qepTe>KHHX (pacqerHbix) pasMepoe, KOTopbie Be^yx 
K yxyÄUieHHK) ee SHeprerHqecKHx h KaBHxaBHOHHbix xapaKTepHCTHK. 

Orcqer bhcoth OTcacbiBaHHH ocymecTBJiaeTca ot ypoBHB HHJKHero 
6be(J)a ÄO ycjioBHOH oTMexKH xypÖHHbi. B CCCP sa ycjioBHyio oTMexKy 
npHHHTbi (pHC.63): y BepTHxajibHbix paÄHajibHo-oceBbix xypÖHH (pHC. 63, 
g) — cpe^Haa jihhhh nanpaBJiHiomero annapaxa, y ÄHaronajibHbix 
(pHC. 63,6)—ToqKH nepeceqeHHB oceö noBOpoTa jionacTefi c KaMepofi 
paöoqero KOJieca, y oceBHX BepxHKajibHbix (pHc. 63, ä) — ocb noBopoxa 
jionacxefi paöoqero KOJieca, y ropHsoHxajibHux (pHC. 63, a) — bmc- 
nian xoqxa jionacxefi paöoqero KOJieca. CorjiacHO MejKÄynapOÄHOMy 



4^. - 

n 






a õ ö 8 

Phc. 63 . Orcqer bhcoth orcacHBaHHH jiflsi rHjiporypÖHH pasJiHqHbix thoob: 

a — BepTHKanbHaH ocesaa; 6 — AHaroHanbHaa; e — paAHajn>HO-oceBan; a — KancyjibHaa. 

KOÄy [141 oTcqex bhcoth oxcacHBaHH» äJih BepxHKajibHbix xHÄpoxyp- 
6 hh BCAeTCfl OT HHXcHero AO xoqKH nepeceqeHHH cpeAHefi jihhhh 

HanpaBjiHiomero annapaxa c ocbio xypÖHHH, jiflsi ropnsoHxajibHHX — 

AO OCH TypÖHHH. 

/Tj Tfl KajKAoro poKHMa paöoTbi no ^JopMyjie (251) onpeAejinioT 
H ajireöpanqecKH cyMMHpyKyr ee c OTMexKofi nnmiiero 6be^a, cooxbcx- 
cxByK)iii,efi AaHHHM ycJioBHHM. MHHHMajibnan BejiHqnna Ze. e 
onpeACJiHeT oxMexxy ycxanoBKH rHApoxypÖHHbi na 130. nojiojKenne 
xypÖHHH no oxHonieHHK) k caMofi nnsKofi oxMexKe HHxcHero öbe^ia 
AOJIJKHO ÖblXb XaKHM, npH KOXOpOM OÖHSaxeJIbHO BbinOJIHHeXGH yCJIOBHe 
Ot < Oy. Ecjin npn MUHHMajibnofi oxMexxe HHÄHero õhe^a b paöoqeM 
Kojiece oTcyxcTByeT KaBHxanHH, aöcojiioTHoe ASBjieHne b noxoKe öojibine 
AaBJieHHB napooöpasoBaHHH; npn Bcex Apyrnx öojiee bhcokhx ypoB- 
Hax HHxcnero 6be(|)a A^BJienne b noxoKe qepes paöoqee KOJieco öyACT 
HaBepHHKa öojibuie KpnxnqecKoro [29]. rioAoÖHbifi anajins npoBOAHT^ 
AJia cjieAywmHx cjiyqaea paöoxH xypÖHHH na ESC: paöoxa MHHHMajib-^ 
Horo qncjia arperaxoB npn nx nojinofi narpysKe h pacqexnoM nanope; y y 
paöoxa MHHHMaJibHoro qncJia arperaxoB npn nx nojinofi narpysKe n Man-^i 
CHMajibHOM nanope; MHHHMajibHan narpysKa na arperaxbi npn mhhh-^^ ^ 
MajibHOM nanope. Hs paccMoxpennbix pencHMOB paõoxbi onpeAejiHK)iii.HMt;\ 
nojionceHne rnApoxypÖHHbi no oxnomeHHK) k nnJKneMy 6be(|)y hbjih- \ 
excn pen<HM, npn KoropOM Bejinqnna Zn. e + Hsr MnnnMajibna. Bh- I 
qncjieHHan MHHHMajibnan oxMexna xypÖHHbi ynasbiBaercH na cxpoHxejib- 
Hbix qepxexcax n oöecneqnBaeTcn npn öeTonnpoBannn ee saKJiaAHHX 
qacxefi na ESC. 
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npn oöecneqeHHH pacqejnoBi bhcoxh .örgiacbiBannH xypönnbi pas- 
BHxan KaBHxanHn b xypönne oxcyxcxsyex, xõtk ee naqajibnan 4)opMa 
MojKex HMexb MecTo. JXjih xoro qxoöbi b npoToqiiöfi qacxn xypönHH 
OTcyxcxBOBajia naqajibHan cxaAHH KaBHxannn, noTpeöÖB^ajijHCb 6bi sko- 
HOMnqecKH nenpneMJieMbie bhcoth OTcacbiBannn (sarjiyöJi^äne xyp- 
ÖHHbi noA HHJKHHfi öbetj)), a 3X0 npHBejio 6 h k HeonpaBAannÖMy yAO- 
po>KaHHK) cxpoHxejibcxBa E3C. 


§ 33. SaKOHu noAo6Hfl KasHTai^HH 

B noTOKax MOAeJiH n HaTypHoä Typ^HHU 

KaBHxauHOHHbie xapaKxepncTHKH naxypnofi rnApoxypÖHHbi oKa= / 
SHBaioxcn xyme no cpaBHennio c anajiornqHHMH xapaKxepncxHKaMH i 
reoMexpnqecKH noAOÕHOH moagjih, t. e. a, > oi,. OxKJioHennH ot bh- j 
nOJIHeHHH yCJIOBHH Ou = Ot Ha HSOrOHaJIbHHX peJKHMaX naSblBaiOT^ 
MOCiumaÕHbiMU a4)(peKmaMu Kaeumatiuu^ h hx hcoöxoahmo yqnTbmaxb 
npH HasHaqeHHH KaBHxaunoHHoro K03(|)4)HnHeHxa naxypnofi xypönnH 
Ct, onpeAeJiennn ee bhcoxh oxcacHBannn n Bbiöopa Maxepnajia npo- 
Toqnofi qacTH. K qncjiy 4>HKxopoB, npnBOAHinnx k oxjinqnio Gt h Om 
AByx reoMexpnqecKH noAoönnx xypönn, oxnocnx: pasnne pasMepn 
H nanopH, neoAnnaKOBan mepoxoBaxocxb nx npoxoqnnx qacxefi, ox- 
jinqne ^JHsnqecKHX CBoficxB boah b cxenAe moab/ih h b ecxecxBennbix 
ycJiOBHHX na E3C n Ap. 11; 17]. 

B oömeM cjiyqae oöecnenennn noAOÖnn Asyx üotokob npn na- 
jinqnn b bhx KaBHxaunn neoöxoAHMO ocymecxBHXb BbinojiHenne cjie- 
Ayiomnx ycjiOBHfi: Om = Ot = idem; FFm = FTh*, paBencxBo b noxo- 
Kax moagjih h naxypbi coAepjKannH pacxBopennoro n BKjnoqennoro 
BosAyxa 6 m = 6h- 

BbinojiHenne ycjioBnn öm = Or HBJinexcn nanöojiee Ba>KHbiM, xan 
KaK KaBHxannoHHbift KOS^i^JHilHeHx «BJiHexcH ocnoBBHM KpHxepneM 
npn npoBeAcnnn KaBnxanHonnbix ncnbixannfi MOAejiefi. Ha nsoronajib- 
nbix pejKHMax rnApoxypÕHBbi n ee moägjih neoöxoAHMO oöecneqnxb pa- 
BencxBo: 



HsMennn Bbicoxy oxcacbiBannn H' hjih nanop H npn ncnbuannn 
moagjih, nojiyqaiox na pasjinqnbix penoiMax paÖoxbi KpHxnqecKne Bejin- 
qnnbi Oy. „ = cTkp. m, npn KoTopbix naöjnoAaexcn nsMenenne ee xapaxxe- 
pncxHK (yMenbmenne KH/l n Momnocxn), OnpeAejiennoe SKcnepnMen- 
xaJibHbiM nyxeivi snaqenne Okp. m c yqexoM nenoTopoH nonpasKH Aa 
HcnojibsyiOT ajih BbiqncjiennH bhcoth oxcacbiBannn naxypHon xypönnH 
na 3X0M jKe pejKHMe (cm. ypaBnenne (251)). ycjionne Om = cJt Bbinoji- 
nnjiocb 6bi b tom cjiyqae, ecan 6bi xeopexnqecKan Bbicoxa oTcacbiBanna 
H' == /7s — hj^ OTcqnxbiBajiacb ot xoqKH K (pnc. 61) (fag npeAnojiaraexcn 
pasBHxan KaBHxannH), a ne ot ycjioBnofi otmctkh cpeAnefi Jinnnn 
BanpaBJi5nomero annapaxa hjih och noBOpoxa Jionacxn paöoqero KOJieca, 
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KaK 3TO npHH5iTo B iipaKTHKe pac’96TOB. JXjih cTpororo coöjiioächhh 
nOÄOÕHH paSBHTHH KaBHTaUHH B noTOKax MOÄeJIH H HaTypH HeOÕXOÄHMO 
BbinoJiHeHHe ycjioBHH: 


H 


l _ 

. w 


-(Hs-hjO-H, 

H 


(253) 


OrKyfla cjieAyex, *ito 


(^)„ = (^l- (254) 

TaK KaK BCJiHqHHa nponopuHOHajibHa pasMepy TypÕHHbi, otho- 
iH6 (254) yÄOuHO np6/iCTaBHTb B XaKOM BH/1,61 

(41 = (4).- (255) 


lueHHe (254) yAOuHO upeÄCxaBHXb b xaKOM bhä6i 


(255) 


BbinojiHeHHe ycjiOBHH (255) osHaqaex paBencTBO qnceji CJpy^a 
b noTOKax Mo;;ejiH h xypÖHHbi; ero hcoökoahmo yqHXbiBaxb npH Bbiöope 

yCJIOBHH npOBeÄCHHHMOÄeJIbHblXKaBHXaiXHOHHblX HCITblXaHHH (Bblöop ÄHa- 
Mexpa MOÄCJiH H Hanopa). JI,eficxBHTeJibHO, BbinojmeHHH iioäoöhh 

no nHCJiy Opy^s (cm. § 19) hboöxoähmo oöocneqHXb paBencTBo: 

( üi) = (. TaK KaK jim rnÄpoxypÖHH xapaKxepHbiM JiHHefiHbiM 

\ gl Ju \ J ^ 

pasMepoM HBJinexcn ÄwaMexp paöo qero KOJieca Di, a CKopocxb noxoKa 
nponopuHonajibHa nanopy (ü V 2gi/), ycJiOBne no^oönn ooxokob no 
qncjiy Opy^a moäho sanncaxb xan; 


HJIH (npHHHMan IJr. M — TQr. h): 


TaKHM oöpasoM, KaBHxannoHHbie ncnbixaHnn MojieJiH cjiejiyex npo- 
BOÄHXb npH nanope 

... /occ\ 


Mh\ _ 

hrgf^' 

\ gDl /M 

Uc,, 

h)- 


f ^ ^ -1 

' "'1 


.Dl h 


//m = 


(256) 


KaBHxauHOHHbie ncnbixaHnn moäcjich HHSKOHanopHbix oceBux rH;i,po- 
xypÖHH, y Koxopbix BejiHqnna Hk consMepnMa c ^naMexpoM paöoqero 
KOJieca, npoBo^nx npn anaqeHHnx nanopa b cooxbcxcxbhh c saBHcn- 
MocxbK) (256). Moäcjih paflHajibHo-oceBbix h BbicoKOHanopnbix oceBbix 
xypÖHH oöbiqno ncnbixbiBaiox npn nanopax, 6 jih3Khx k naxypnbiM. 

Ha ocHOBannH HMeiomnxcn sKcnepHMeHxajibHbix ^n,aHHbix Men<Äy 
KaBHXanHOHHbIMH K 03 (}xJ)HU;HeHXaMH MOäCJIH H HaXypHOH XypÖHHbl ycxa- 
HOBJiena npnÖJiHXKeHHaH saBHCHMOCXb 


(257) 
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oxKy^a 


(258) 




KaK öbiJio oxMeqeno Bbiuie, pacxBOpeHHbifi b boäc Bosiiyx ycKopnex 
noBBJieHHe naqajibHon KaBHxauHH n ee nepexoÄ b pasBnxyio cxa^Bio. 
ripu naJinqHH b bo^c Bos^yxa KpnxHqecKoe jiaBJieHne, npn KoxopoM 
B noxoKe noBBJinexcH KaBHxannn, öojibuie ÄaBJiennn napooöpasoBannH 
npH n,aHHOH xeMnepaxype. Xl-na oöecnenennn paBencxBa o^m = Ot c yqe- 
xoM oxJinqHH co^epÄannn Boa^yxa b noxoKax MojiejiH h xypönnbi [IJ 
KaBHxaixHOHHbie HcnHxaHHH moäcjih ÄOJixcHbi npOBOÄHXbCH npH nanope 



r^e 6 m H 6t — oöbeMHoe coAepmanne Boa^yxa b noxoKax moäcjih h xyp- 
ÖHHbl. 

Ecjih noÄCxaBHXb b ypaBnenne (259) cpe^nne snanennn Om = 0,5% 
H 6t = 2%, cooxBexcxByK)in,He ÄencxBHxejibnbiM ycjioBHHM, xo nanop 
na moäcjih öy^ex Hu = 0,5 He- CoEpeMennne rnÄpoxypÖHHHbie KaBn- 
xannoHHbie cxenAbi HMeiox cnennajibHHe ycxpoficxBa (pesopöep, pery- 
jiHxop n,aBJieHHH H ÄP-)» no3BOJiHK)mHe HSMennxb B onpeACJieHHbix npe- 
ÄCJiax H noMCpxiHBaxb coÄepxianne BOSAyxa b cncxcMe, hcxoäh h 3 
yCJIOBHH MOÄCJIHpOBaHHH KaBHXaiXHOHHblX BBJieHHH B MOÄCJIH H Haxyp- 
HOH xypÖHHe. O^naKO npn npOBeAennn oöbrqnbix KaBHxannonnbix nc- 
nbixaHHH MOÄCJien ycjioBne (259), KaK npäBHJio, ne BbinoJiHnexcfl, n b pe- 

syjibxaxe Om ¥= ^t- „ , , 

Ha ocHOBaHHH HCCJie^OBaHHH H peKOMenjianHH pnjia aBxopoB llj 
nepecqex sKcnepnMenxajibHbix ^aHHHX KaBnxannoHHHX Hcnbixannn 
MOÄCJiH na näxypnyio xypönny c yqexoM pasnoro coÄCpJKannH BosAyxa 
B noxoKax cjieAyex BbinojiHHXb no ^opMyjie, npeÄJioxKennoH Jl. C. UlMyr- 

JIHKOBblM, 


(Jt — -|~ 9,9 


V s 

M 

~inr 


(260) 



r^e 6 t H 6m — coÄepyKaHne B03Äyxa b noxoKax naxypnoH xypÖHHbi 
H MOAeJin; Hr Hu — nanopbi naxypHoft xypÖHHbi h moäcjih. 

B saKJiioqeHHe oxmcxhm, qxo ojinoEpeMennoe EbinoJinenne Bcex ycjio¬ 
BHH MOÄeJIHpOBaHHH KaBHXaUHOHHbIX HBJieHHH B HOXOKaX HCBOSMOHCHO. 

TaK KaK pa 3 Mepbi, nanopbi h coAcpÄanHe Bosflyxa b bo^c naxypnoH xyp- 

ÖHHbl OXJIHqaiOXCH OX MOJIGJIt>HbIX BCJIHqHH, XO KaBHXaiXHOHHbie K03(J)(|)H- 
UHeHXbi Ha HsoronajibHbix pejKHMax paöoxbi hmciox paaHbie snaqeHHH. 
XlocxaxoqHo naÄCÄHbix cnocoõoB nepecqexa KaBHxauHOHHoro ko3(|)(J)h- 
nneHxa MonejiH na ycJioBHH HaxypHofi xypÖHHbi noKa ner. no3XOMy npn 
onpeÄejieHHH Bbicoxbi oxcacbiBaHHH naxypHOH xypÖHHbi orpannqHBa- 
loxcH, KaK npaBHJio, xeM, qxo npHHHMaiox BCJiHqHny KaBHxaixnoHHoro 
K034»4)HLi.HeHxa naxypHOH xypÖHHbi c neKOxopbiM sanacoM (cm. § 32). 
OonpaBKy Ao npHHHMaiox xoro, qxoöbi HCKJUoqnxb b naxypnofi 
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TypÖHHe pasBHTyK) KaEHTauHio. FIocKOJibKy Ha^ajibHaH KaBHTauHH npe^" 
uiecTByeT paaBHTofi, to ne HCKJimena BosMOJKHocTb, ^to b noxoKe na- 
TypHOH TypÖHHbi OHa HMeex Mecxo. Ha BoaHHKHOBeHne naqajibHOH Ka- 
BHxaiiHH BJinaex xaK^e noBepxHocxHoe HaxHJKeHne nysbipbKOB (yiH- 
TbiBaeMoe KpHxepHeM Beöepa We) h ^JHSH^ecKHe cBoficxBa >khäkocxh. 
KpoMe Toro, paaBHxne KaBHxauHH b npoxo*iHOH *iacxH aaBHCHX ox Bpe- 
MeHH npoxoMy;eHHH noxoKa qepea aoHy noHHJKenHoro ^sBJieHHB (KpH- 
TcpHH PeHHxapÄxa Rh). BcjieAcxBHe oxjiHqHH ÄHaMexpoB h HanopoBMO- 
äcjih h HaxypnoH xypÖHHbi qncjia h Rh b noxoKax ne paBHU, h no- 
axoMy cxeneHb paapyiueHHH npoxoqHoö qacxH h sohu KaBHxan,HOHHoro 
paspymcHHH y moägjih h HaxypHofi rHÄpoxypÖHHH pasHbie. 

§ 34. BjiHflHne reoMeTpn^ecKHx napaMerpoB npoTO^OH nacTH 
H jionacTHOH CHCTCMM pa6oq[ero KOJieca 
Ha KaBHTai](HOHHBie XapaKTCpHCTHKH rHflpOTypÖHHbl 

KaBHXaUHOHHblH K 03 (}) 4 )HUHeHX XypÕHHbl SaBHGHX ox reOMexpHH npo- 
ToqHOH qacxH h ^JopMbi Jionacxefi paöoqero KOJieca. OpH paspaöoxKe 
HoBOH npoxoqHOH qacxH rHÄpoxypÖHHbi HeoöxoAHMo: BHÖpaxb KOHxypbi 



ö 


Phc. 64 . Bjihhhhc oTHOCHrejibHoS beicotei HanpaBjiHiomero annapara Ha; 

a — sifepreTHHecKHe; 6 — KaBHTauHOHHue xapaKTepncTHKH (SKcnepHMeHxajibHbie ^laHHhie JIM3 
Anfl paflHajibHO-oceBbix rHÄPOTyPÖ^H rana POI 15). 

HOJIOCXH XypÖHHbl Ha OCHOBaHHH HMeiOmHXCH SKCnepHMeHXaJIfaHbIX Ä^H- 
Hbix rH;i,poxyp6HH õjihskhx napaMexpoB; Äaxb pacqexHyio oueHKy Ka- 
BHxauHOHHbix KaqecxB npoeKXHpyeMbix paöoHHx KOJiec h oxoöpaxb Han- 
öojiee nepcneKXHBHbie BapHaHXbi; BbinoJiHHXb KaBHxauHOHHbie Hcnbixa- 
HHH MOÄejieö oTOÖpaHHbix paöoqHX KOJiec b npHHHxoH npoxoqHofi qacxH. 

TaKOH noAXOÄ sHaqHxejibHO coKpamaex BpeMH h cpe^cxBa, saxpa- 
SKBaeMbie na paapaõoxKy hoboh npoxoqnoH qacxH xypÖHHbi, oÖJiaAaio- 




mefi'xpeöyeMbiMH sneprexHqecKHMH h KaBHxauHOHHbiMu KaqecxBaMH 
npHMeHHxejibHo K saAaHHbiM ycjioBHHM rSC. 

Bbiõop KOHxypoB H pasMepoB noJiocxH.OxHocHxejibHafl Bbicoxa na- 
npaBJiBiomero annapaxa {bJD^ OKasbiBaex bjihbhhc na cpe^HHe cko- 
pocxH B npoxoqnoH qacxH h, cjieAOBaxejibHO, na KnilHKaBHxauHOH-Ji^,K4?c 
Hbifl KOSiJxJiHUHeHx xypÖHHbi. KaK noKa3biBaK)x onbixHbie HccjieÄOBaHHa, 
yBCJiHqeHHe oxHomeHHB Öq/Di npHBo^HX k cHHmeHHio cpe^neH CKopocxH 1 f^c 
noxoKa H yjiyqmeHHK) sneprexHqecKHX h KaBHxaiiHOHHbix xapaKxepH- 
cxHK xypÖHHbi npH pasJiHqHbix pejKHMax paöoxbi xypÖHH (pHC. 64, a, 6). 

O^HaKo c pocxoM Öq/Di yBCJiHqHBaKyrcH Hanpa^eHKH b JionaxKax na- ^ 

npaBJiHKDmero annapaxa n Jionacxax paöoqero KOJieca. PeKOMen^ye- 


ivudi 6 HOivicniv./iäTy puu Fii/lpOTjrpuHii cjna*icrin>i UQtLj^ jö ijaDticn- 

MocxH OX nanopa yqHXbmaKyr axn (JiaKxopbi. BbiöpaB BejiHqnny 


na saAaHHbiH nanop, nepexo^HX 
K saÄannio (})opMbi n pasMepoB 
nojiocxH, HMen b Bn^y, qxo yBC- 
jinqeHHe njiomaÄH noxoKa na 
BbixoÄe H3 paöoqero KOJieca 
npuBo^HT K na^eHHK) cKopocxen 
H yjiyqmeHHK) KaBHxannoHHbix 
xapaKxepHCXHK. B cjiyqae oce- 
Bbix H ÄHaronajibHbix xypÖHH 
neoÕxoÄHMO xaKÄe yqnxHBaxb 
BjiHHHHe Bxyjioqnoro oxnome- 

HHH d = d^r/D^ H ÄHaMexpa 


a=a65 ae 0.55 ojs 



Phc. 65 . B.;iH 5 iHHe BTyjiOHHoro OTHomeHira 
Ha npe^fiJibHoe sHaqeHHC ‘KaeHTaiiHOHHoro 
KOa^^HUHCHTa OCCBOH FHJipOTypÖHHbl. 


ropjioBHHbi KaMepbi paöoqero KOJieca Ha pacqexHyio npeÄGJibHyio 
BejiHqHHy Onp KaBHxan,HOHHoro K03(|)4)HnHeHxa xypÖHHbi. Bxyjioqnoe 
oxHomeHHe nasHaqaiox MHHHMaJibHO B03Mo>KHofi Bejmqnnbi (pnc. 65), 


neoöxoÄHMon äJib paaMemenna MexanHSMa noBopoxa jionacxefl pa6o- 


qero KOJieca. 

OÖHqno npn paspaöoxKe hoboh Jionacxnofl cHcxeMbi paöoqero ko- 
jieca Hcnojibayiox nojiocxH noMeHKJiaxypnbix paöoqnx KOJiec 6jih3koh 
6bicxpoxo;iHocxH h b cjiyqae neoöxoÄHMOcxH bhochx HSMeHenHa b oqep- 
xaHHe nojiocxH, ocnoBaHHbie, rJiaBHbiM oöpaaoM, na sKcnepHMenxajib- 
Hbix HCCJieÄOBaHHHx [23; 28]. 

npCÄBapHTejibHaa oaeHKa KaBHxaaHOHHwx KanecTB paöoqero 
KOJieca. KaBHxauHOHHbiH KosiJi^JHnHeHX xypÕHHbi onpeÄejiaexca paa- 
peHceHHCM, co 3 ;iaBaeMbiM oxcacbiBaiomeH xpyöofi h na^cHHCM äbb- 
JicHHH na JionacxHX paöoqero KOJieca [7; 17; 28]. Hhcjio Jionacxeö 
H HX 4)opMa bjihbiox na paccxoaHHe b CBexy Memji;y coce;iHHMH Jiona- 
cxHMH, BCJiHqHHy cKopocxefi Ha BbixoÄC H3 paöoqero KOJieca h na;i,eHHe 
ÄBBJieHHH B HOXOKC. pacqcxHOH ou,eHKH KaBHxauHOHHbix noKasa- 

xejiefi npocKXHpyeMOH JionacxHoö cHcxeMbi paöoqero KOjieca oöbiqno 
Hcnojibayiox AaHHbie pemcHHa npaMOH säjxami. Peuiaa npaMyio pemex- 
qaxyio saAaqy, nojiyqaiox pacnpe;;ejieHHe cKopocreö h ÄSBJieHHa na jio- 
nacxax npoeKXHpyeMoro paöoqero KOJieca, qxo äbgx BOSMoaoiocxb oue- 
HHXb KaBHxauHOHHbiH K 03 (|)(|)HUHeHX paöoqero KOjieca [19; 28J. 
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§ 35. Mepw no npeffOTBpan^eHHio KaBHTa^HH 

HJiH ocJiaÖJieHHio ee nocjieflCTBHH S 

njiH HCKnmeHHH pasBHTOH KaBHTauHH HJIH yMeHbiueHHH ee nocJieÄ- 

CTBHH B npaKTHKe rHÄpOXypÖOCTpoeHHH HCnOJIbSyiOT pHÄ Mep, H3 KO- 

TOPHX cjiCÄyeT oTMeTHTb cJieÄyioiHHe: 

1. PaspaöoTKa hobhx thhob h ÄajibHenmee coBepmencrBOBaHHe 
HOMeHKJiaxypHbix paöoqHX KOJiec. IlpH paspaöoTKe jionacTHOH cHCxeMbi 
KOJieca neoöxoÄHMO npH homoiuh pacqexHbix MexoAOB npoanajiHSHpo- 
Baxb xaKHe ee napaMexpbi: KpHBHany, xoJimHny h yxJibi ycxanoBKH npo- ^ j 
(fcHJieH, yrjibi axaxH Ha BxoÄe b paooqee KOJieco, rycxoxy peuiexKH, ko- j ^ i 
xopbie cvmecxBeHHo bjihhiox na BennqHHbi cKopocxeH, pacnpeÄCJie 
ÄaBJieHHH Ha nosepxHocxH JionacxH, a cJieAOBaxeJibHo, na KaBHxauHOH- 
HHH KoadxbHHHeHX xypÖHHbi [7; 28]. MeHbUiHe aHaqeHHii Ot, a CJie^ 

BaxejibHO, öÖJibHiHeÄonycxHMbie sHaqeHHfl bhcoxh oxcacbiBaHHfl 

xe paÖoqHe KOJieca. y Koxopwx pacnpeÄCJieHHe ÄüBJieHHH na -«on^x 
öojiee paBHOMepHoe. B pesyjibxaxe BcecxopoHHHX pacqexHbix ^ , 

pHMeHxajibHbix HCCjiCÄOBaHHH cos^aH pHÄ paöoqHX KOJiec, oõJiaÄaro- 
lUHX BblCOKHMH SHepXeXHqeCKHMH H KaBHXaUHOHHblMH HOKasaxejiHM 

[23] BjiaroÄapH öoJibniHM ycnexaM, AOCxHXHyxHM b coBepmeHCXBO- 
BaHHH npoxoqHOH qacxH. paspaÖoxKe KOHCXpyKUHH H XeXHOJIOXHH Hsro- 
xoBjieHHH rHÄpoxypÖHHbi npHMeHHiox B HacxoH^ee na 6o^ee 

BHcoKHe Hanopbi: oceBue BepxHKajibHbie — äo 80 .m, a paÄHajibHO 

oceBHe — ÄO 700 m. - 

npyrHM 3d)d)eKXHBHHM cpeACXBOM npeÄoxBpameHHfl pasBHXoS - 

BHXaUHH B THÄPOXypÖHHe HBJiaeXCSI npaBHJIbHblH Bblöop MHHHMaJIbHOH 
ÄonycxHMOH bbicoxh oxcacbmaHHH. üpHHHMaeMbie anaqeHHH KasHxa- 
HHOHHoro K034)(i)HHHeHxa rHÄpoxypÖHH aoJiHCHbi oöecneqHBaxb 3koho- 
MHqecKH npHeMJicMbie BejiHqHHbi H MaKCHMajibHoe sarjiyöJieHHe xyp- 
6HHbi noÄ hhjkhhh 6be(|). ÄonycKaeMoe npn cxpoHxe^bcrae npHnuoxHH- 
HblX H pyCJIOBHX rsc, npHHHMaiOX npHMepHO //j 
najibHeHuiee sarjiyÖJienHe hoäboähoh qacxH axoro xnna skoho- 
MHqecKH HeonpaBaaHO, xaK Kax CBHsano c 

HHCM oobCMa cxpoHxejibHbix pa6ox h cxohmocxh hoäboähoh qacxH 

^”^ 2 " OaHofi H3 Mep no samirre Aerajiefl nporoiHOft naera rnapoxyp- 
6 hh ot KaBHxauHOHHbix paapyuieHHft aanflercH npHMeneHHe jiernpo- 
BaHHHX erajiefi, noKpbrraa, nanJiasoK n oöeenenenne J™. 

TOTH o6pa6oTKH Hx noBepxHOCTeH. MeHcay HanaabHon, apoanoHHon 
H KpHTHnecKOH KaBHTauHeH cymecTByer cjieayioinafl aaBHCHMOcxb: 

ClHaq > Hkp. 3p > O^Kp. Tl 

rae a„ 3 , — KaBHxannoHHbiH K034)(J)HnHeHX TypÖHHbi, npn KoxopoM 
BHxau.HSi BOSHHKaex B oxaeJibHbix Meerax npoxonHoa nacxn, Oap. sp 
KaBHxauHOHHHH K 03 (}Kj)HUHeHX. npH KOXopoM HanHHaexcH paapymeHHe 
npoxonnoH naexa. nsroxoBJieHHoft m cxajiH c naBecxHbiMH Mexa- 
HnnecKHMH xapaKxepncxHKaMa; Pkp. t — KpHxnnecKHH KoaiJxliHU 
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eHx .xypOHHbi, KoxopbiH xapaKxepHsyex Bbicoxy oxcacbiBaHHH xyp- 
ÖHHbl. 

B npoiiecce SKcnJiyaxauHH npoToqHaa qacxb xypÖHHbi Mox^ex pas- 
pymaxbCH, BCÄCÄCXBHe qero ee KUJX h Momnocxb cHHjKaioxcfl. ^xoöbi 
OÖOCHOBaHHO Bblöpaxb MapKH CXaÄH Ä«aH HarOTOBÄCHHH ÄBXaJiefi npoxoq¬ 
HOH qacxH, neoöxoÄHMO pacnojiaraxb sKcnepHMeHxaÄbHbiMH ÄaHHbiMH 
no KaBHxauHOHHOH cxoHKocxH pasÄHqHbix MaxepnaÄOB, Koxopue xa- 
paKxepHsyioTCH sHaqeHHeM Okp. sp [17]. OocKOJibKy xaKHX ÄaHHbix nona 
neÄOCxaxoqHo, xo äJih HsroxoBJieflHH npoxoqnofi qacxH rHÄpoxypÖHH 
>KejiaxeÄbHO HcnoÄbsoBaxb KaBHxanHOHHocxoHKHe cxaÄH h nanJiaBKH. 
Oröop cxajiefi, nanÄaBOK h noKpbixHH, Koxopbie xopomo npoxHBocxonx 
paspyinaKDUieMy bosäbhcxbhk) KaBHxauHH, npoBOÄHX npn HcnbixaHHH 
oöpasnoB KaK B ÄaOopaxopHH, xaK h b HaxypHHX ycÄOBHHX. K Äa6o- 
paxopHbiM MexoÄaM HccJieÄOBaHHn KaBHxauHOHHOH cxohkocxh waxepna- 

ÄOB OXHOCHTI MarHHXOCXpHKUHOHHblHJ MCTOÄ BpailXaiOmerOCH ÄHCKa, 
Ha KoxopOM KpennxcH oöpasubi; HCCÄeÄOBanne paspymenHH oöpasnoB, 
noMemeHHbix b hoxok qepes xpy6y BenxypH [17], JlaöopaxopHbie h na- 
xypHbie HCCÄeÄOBaHHH noKasaÄH, qxo MexaHHqecKHe cBoficxBa, MHKpo- 
cxpyKxypa h xHMHqecKHH cocxaB MCxaÄJioB h cnÄaaoB cymecxBeHHo 
BÄHHiox Ha HX cnocoÖHocxb npoxHBocxonxb KaBHxaixHOHHOMy paspy- 
lUeHHK). 

JI.Ä5I HaroxoBÄCHHH Äexajieö npoxoqnoH qacxH cpeÄHe- h bbicoko- 
HanopHbix THÄpoxypÖHH (Äonacxeii h KaMep occbbix paöoqHX koäcc, 
paöoqHX KOÄCC paÄHaÄbHo-occBoro xnna, ÄonaxoK HanpaBÄnioinero 
annapaxa), b npoxoqnoft qacxH Koxopbix HMeexcn noBbiiueHHaH onac- 
Hocxb CKOPOCXHOH 3po3HH H KaBHxauHH, npHMeHHiox CÄBÄyiomHe Maxe- 
pHajibi: MaÄoyrÄepOÄHcxbie cxajiH c noKpbixneM Meex, noÄBepracMHx 
BOSÄeöcxBHK) KaBHxauHH, ÄHCxaMH HepxiaBeiomHX cxaÄeii hjih nanÄae- 
KOH sjieKxpOÄaMH; wapraHnoBHCxbie cxajiH xHna 20 rCJI (C = 0,16 -f- 
-v- 0,22%; Mn = 1 1,3%; Si = 0,6 -f- 0,8%) c yÄyqmeHHbiMH Me- 

XaHHqeCKHMH nOKa3axeÄHMH H KaBHXaUHOHHOCXOHKHMH nOKpblXHHMH; 

Hep>KaBeiomHe cthäh xHna 20X13H-JI (C = 0,17 -f- 0,23%; Cr = 
12 14%; Ni = 0,6 -^1%; Mn = 0,5 -f- 0,8%; Si = 0,7%); 

cneuHajibHbie öpoHSbi. HaHÖOÄbuiee npHMeHeHHe b rHÄpoxypöocxpoe- 
HHH nojiyqaioT HepmaBeiomHe cthäh h cxajiH c oqenb MajibiM coÄepHca- 
HHeM yrÄepoÄB OX12HJ1 (Cc 0,1%; Cr = 12 -f- 13,5%, Ni = 1 — 
1 , 5 %; Cu = 1 1,3%; Mn = 0,2 0,64%; Si = 0,4%). Hepiaa- 

BPTDTTTRP cxaÄH XHna 20X13H-J1 oÖÄaÄBiox bbicokhmh MexaHnqecKHMH 

CBOHCXBaMH, XOpOIUO npOTHBOCXOHX B03ÄeHCXBHIO KaBHTaUHH, HO Ä*^H 

HX cBapKH xpeöyexcH cneuHaÄbHaH xexHOJiorHH. Cxajib OX12HZI, pas- 
paöoxaHHan b nocjiGÄHHe roÄti UHHHTMaiu, Jiyqme cBapHBaexcn h 
npHMeHHeTcn ä^^h HsroxoBJieHHH CBapHbix paöoqHx kojicc. lUHpoKoe 
npHMeneHHe ÄernpoBaHHbix cxajieö b rHÄpoxypöocxpoenHH nosBOJineT 
yBCJIHqHTb HBÄOKHOCXb H CpOK CJiyJKÕbI FHÄpOTypÖHH. 

3, Mepbi, npHMeHHeMbie äJih yMeHbuieHHH KaBHxauHH b xypÖHHax 
npH HX SKCHÄyaxauHH na FSC: 

orpaHHqeHHe pexcHMOB sKcnjiyaxauHH b cooxBexcxBHH c noKaaaxe- 
ÄHMH npHÖopoB — anaÄHsaxopoB KaBHxauHH, 4)HKCHpyK)mHX cxeneHb 
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paSBHTHH KaBHTaUHH B npOTO^HOH *iaCTH rHÄpOTypÖHHbl (§ 36), T. e. 
HasHa^ieHHe TaKHX pokhmob paöoxbi, ripu Koxopbix cxeneHb pasBHXHH 
KaBHxauHH B noxoKC öesonacHa HexoJibKo c xo^ikh apeHHH naÄeHHH Mom- 
HOCXH HJiH KUJX, HO H KaBHxauHOHHOFO paspyuieHHH; 

BnycK BOSÄyxa noÄ paöo^ee kojicco h 3 axMociJiepbi hjih üoä äbbjic- 

HHCM Ä-HH yMeHbUieHHH ÜOJIOCXHOH KaBHXaUHH H IiyJIbCaBHH äBBJICHHB 
B npoxo^iHOH qacxH xypÖHHbi. Bboähmbih b onpeÄCJieHHbix Mccxax 
H B HyÄHOM KOjiH^ecxBC B03Äyx yMeHbiiiaex BHÖpaiiHH arperaxa na ne- 
pacHexHbix pejKHMax paöoxbi (pesKHMbi, na KOxopbix äojib^oh BnycKa- 
TbCH B03ÄyX, MCCXO 6X0 BIiyCKa, ÄäBJICHHe H KOJIHqCCXBO B03Äyxa OIipC- 
•Fionaxi-»-Tr* 5 i nnw rrnQR^^fTPHMH rrVJTbr.aTIHOHHblX HCÜblXaHHH XCOMClpH^CCKH 

nOÄOÖHOH moabjih). 

KaxoAHaa aaiuHxa Jionacxefl paöo^iero KOJieca, Koxopan ocHOBana 
Ha npHHUHiie BbmeJicHHH BOAopo^a npH nponycKaHHH xoxa onpeAejien- 
HOH CHJibi H HanpaBJicHHH qepea jionacxH paöoHero KOJieca b noxoxe, 
oSxcKaiomeM jionacxH, nyabipbKH boäopoäh, noHBJiHiomHecH Ha noBcpx- 
HOCXH, oKaabiBaiox ÄeMn(})Hpyiomee BOBÄeöcxBHe npn paapymeHHH 
KaBHxaiiHOHHbix iiycxox. KaxoÄHan aaiuHxa npoxoHHofl qacxH ox Ka- 
BHxauHOHHoro paapymeHHH Moxcex öbixb ycneniHo HcnojibaoBana 
/iHuib B xex cjiyqanx, KOXÄa HHxencHBHocxb KaBHxauHH b noxoKe ne- 
öojibiuaa. 

CymccxByex h Äpyran xoHKa apcHHB, corjiacHo KoxopoH B 03 HHKaio- 
man npH kbxoähoh samnxe nonapnaauHH noBepxHocxeft Jionacxefi, 
ÖJiaroAapH HajiojKeHHio oxpHuaxeJibHoro noxenuHajia, npcÄOxpaHflex 
Hx ox paspynieHHfl (Opro B. M. FHÄpoxypÖHHbi. JI., H3 ä-bo JleHHH- 
rpaÄCKoro yHHBepcHxexa, 1975). 

§ 36. MexoffM KaBHTa^HOHHbIx ncnbnaHHH rHffpoxypÖHH 

MexoÄbi HccjieÄOBaHHH KaBHxaixHH b npoxo^iHOH qacxH arperaxoB 
OCHOBaHH Ha H3MeHeHHH xapaKXepHCXHK FHÄpoxypÖHHbl H (J)H3HqeCKHX 
CBOHCXB nOXOKa, BH3BaHHHX KaBHXaiI.HeH. B FHÄpOMaUIHHaX npHMeHHIOT 
cjieAyioiHHe MexoÄbi KaBHxaii.HOHHbix HcnbixaHHH: 

1. SnepFexHHecKHH Mexo/i onpeflejieHHH aHaneHHH KpHXHHecKoro 
KaBHXaUHOHHOFO KOS^J^HUHeHXa MOA^JIH XypÖHHbl Ha paaJIHHHbIX pe>KH- 
Max paöoxH, npH Koxopbix HaÖJUOAacxcH HaMCHCHHe KFIJX h mo^hocxh 
XypÖHHbl. 3X0X M6X0A npOBeABHHH KaBHXaUHOHHblX HCnblXaHHH M0A6" 
JieH H3JIO>KeH B § 43. 

2 . BcnoMoraxeJibHbie MexoÄti HCCJieÄOBaHHH KaBHxauHH h onpe- 
ÄCJieHHH KaBHXaiiHOHHblX SOH B HpOXOHHOH qaCXHI (JlOXOMexpHHeCKHH 
li BHSyaJIbHbIH MeXOAbI, CXpOÖOCKOIlHpOBaHHe H CKOpOCXHaa KHHOCbeMKa 

noxoKa. rioAOÖHbie HccJieAOBaHHH npeAHasnaqeHbi BbiHBJieHHH na- 
qajibHbix 4 )opM H npouecca pasBHXHH KaBHxau,HH b paöoqeM KO.xece h ox- 
cacbiBaioureH xpyöe. Tskhc 3KcnepHMeHxajibHbi6 Aannuc HcnoJibsyiox 
AAH Aa^ibHefimeFO coBepuieHcxBOBaHHH npoxoHHOH qacxH h yjiyqmeHHH 
KaBHXaUHOHHbIX XapaKXepHCXHK FHApOXypÖHH. 

3. MexoAbi HccjieAOBaHHH KaBHxauHH b naxypHbix XHApoxypÖHHax, 
ocHOBaHHbie Ha HSMeneHHH (JiHSHHecKHX CBOHCXB noxoKa npH HaqaAb- 
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HOH H pasBHXOH KBBHxaHHH, KOFAB HOXOK HacbimaexcH nysbipbKawH 
napa h xasoB, kojihhccxbo h pasMcpH KOXopbix saBHCHx ox cxaAHH 
pa^HH KaBHXaUHH. K HHM OXHOCHXCH: OMIWeCKHH; aKyCXHHCCKHH 

OMHqeCKHH MCXOÄ OCHOBaH Ha XOM, HXO OMHHeCKOe COnpOXHBAeHHC 
noxoKa saBHCHx ox exo Hacbnii.eHHH nysbipbKaMH napa h xasoB h pacxex 
no Mcpe pasBHXHH KaBHxauHH b noxoKe. nponycKan sjiCKxpHqe^HH 
xoK qepes KaBHxnpyiomHH noxoK, saMepniox exo conpoxHBJieHHC h qiHK- 
cHpyiox HaqajibHyK) h pasBHxyio cxaAHH KaBHxau.™ no pesKOMy bos- 
pacxaHHK) conpoxHBJieHHH sjicKxpHqecKOH uenH. OpHMeHHeMHH npn- 
W —OMHHecKHH aHBJiHsaxop KaBHxapHH — pexHCxpnpyex HSMCHe- 
HHC conpoxHBJieHHH sjieKxpHqecKOFO xoKa, nponycKacMoro qepes 
napy sjicKxpoAOB, ycxanoBJieHHbix na BbixoAe hs paöoqexo KOA^a 
H BKAioqeHHbix B OÄHO nJi&io sACKxpHqecKOFO Mocxa npHõopa. Ajih 
TOFO qXOÖH HCKJIIOqHXb BAHHHHC HSMCHeHHH XCMnepaxypH H (pHSHqe- 
CKHX CBOHCXB BOÄbi HB noKBsaHHH npHÖopa, ÄpyraH napa SAeKxpoAOB, 
noÄCoeAHHCHHbix K ApyxoMy nji&iy sAeKxpnqecKoro MOcxa, noMeina- 
excH B BaHHy, sanoAHCHHyio boäoh hs cnnpajibHOH KaMCpbi. AhW^“ 

pCHUHaAbHHH OMHqCCKHH MCXOÄ, paspaÖOXaHHbIH COXpyAHHKaMH Äi M 
HM B H JlCHHHa H XapbKOBCKOFO aBHaHHOHHOFO HHCXHXyxa noÄ py- 
KOBOÄCXBOM Jl. C. ÜJMyxAHKOBa, nosBOÄHCX onpcÄeAHXb cxeneHb paa- 
BHXHH KaBHXapHH B nOXOKB nOÄ paÖOqHM KOAeCOM B saBHCHMOCXH 
ox peÄHMa xypÖHHH. Oh npomeji ycneuiHHe AaöopaxopHHe h naxyp- 
Hbie HcnbixaHHfl na pHÄ^ xypÖHH oxeqecxBeHHbix ESC. 

AKycxHqecKHH mcxoä HCCJieAOBaHHH KaBHxapHH HcnoAbsyex yAbxpa- 
ssyKOBbie KOAeöaHHH b noxoKe, Koxopbie BOSHHKaiox npn sapojKÄeHHH, 
pocxe H nocAeÄyiomeH KOHÄCHcaHHH KaBHxauHOHHbix nyabipbKOB b aone 
noBbimeHHOFO ÄaBAennn. Kax noKaaaAH onbixHHe HCCAeAOBaHHH, nan- 
60 AbUiaH HHXeHCHBHOCXb KaBHXaUHH B XypÖHHC COOXBCXCXByeX no- 
Aoce qacxox yAbxpasByKOBbix KOAeöaHHH /= 100 -f-250PexH- 
cxpHpya qacxoTH h HHxencHBHOCxb yAbxpaaayKOBHX KOAeoaHHH b no- 
xoKe npH noMOiÄH cnennaAbHOFO npnöopa (xHÄpo^oHa), cyÄHX o hbah 
qHH H paSBHXHH KaBHXaUHH B FHÄpOXypÖHHe. MexOÄ ÄOCXaXOHHO npocx 
H HaÄ^ÄCH npH HCCACÄOBaHHH KBBHXaUHOHHblX XapaKXCpHCXHK FHÄpO 
xypÖHH Ha rSC. 

ripH HaAHqHH KaBHxauHH B noxoKe HaÖAiOÄaioxcH MexaHHqecKHe 
BnöpauMH onpeÄeAeHHOH qacxoxbi oxÄGAbHbix ÄexaAen FHÄpoxypoHH, 
BeAHHHHa KOXOpbIX HCHOAbSyeXCH ÄAH OHCHKH cxencHH paSBHXHH Ka- 
BHXaUHH (BHÖpaUHOHHblH MCTOä)- 

4, MexoÄbi, HcnoAbsyiomHe KaBHxauHOHHoe paapymeHHe npoxoq- 
HOH qacxH ÄAH oneHKH cxeneHH pasBHXHH KaBHxanHH. AexaAH npo- 
xoqHOH qacTH (nanpHMep, AonacxH paOoqexo KOAeca) noKpbiBaiox cne- 
HHaAbHblMH AaxaMH HAH nAaCXHHKaMH H3 OXOHüKeHHOFO aAIOMHHHH. 
noÄ BOSÄeHcxBHeM KaBHxaHHH noKpbixHH qacxHHHo paapymaioxcH, qxo 
nosBOAHex onpeÄCAHxb Mecxa h HHxencHBHocxb KaBHxanHOHHbix paa- 
pymeHHH npoxoqHOH qacxH FHÄpoxypÖHHH. 


I4I 



raasa V. XAPAKTEPHCTHKH, HOMEHKJIATyPA 
H BbIBOP rHJl,POTyPBHH 

§ 37. Bn;i;£i xapaKTepncTHK rHÄPOTypÖHH 

Pe^HMbl paÖOTbl FHÄpOTypÖHH Ha rsc OnpeÄGJIHIOTCH rpa4)HK0M 
HarpysKH SHeprocHCTeMH h xapaKTepHCTHKaMH rHApoarperaTOB. IlpH 
pasJiHqHHX ycjioBHHX paöoTbi rHÄpoarperaxoB na BaxcHO BHaxb 

He TOJIbKO MOmHOCTb, HO H K03(J)4)HHHeHT nOJICSHOrO ÄCHCTBHH H ÄpyrHC 
noKasareTiH. C Äpyrofl cropoHH, htoöu npaBHJibHo Bbiöpaxb xhh, Ana- 
Mexp, qacxoxy BpameKUH h Bbicoxy oxcacHBaHHH rHÄpoxypÖHHbi äJih 
saÄaHHbix ycjioBHH FSC (nanopbi, Momnocxb h hhcjio arperaxoB), ne- 
oöxoähmo pacnojiaraxb ÄaHHHMH HccJieÄOBaHHH pasjiHHHbix XHApoxyp- 
6 hh, Koxopbie npeÄCxaBJiHiox b bhäg SHeprexnqecKHx, KaBHxaHHOHHbix 
H ÄpyrHX xapaKxepHCXHK, nojiyqaeMbix npn HccjiCÄOBaHHH moa^jibh 
H a FHÄpoxypÖHHHbix cxeHÄax. SnaqeHHH KnjX, KaBHxaHHOHHOFo ko- 
34)4)HHHeHXa H ÄpyFHX BeJIHHHH Ha paSJIHHHblX pCÄHMaX paÖOXbl Bbl- 
paxcaiox b saBHCHMocxH ox ochobhux napaMexpoB xypÖHH (Dj, n, Q, H). 

HsMeHeHHe pexcHMOB paöoxbi HaxypnoH h MOAeJibHOH FHÄpoxypÖHH 
ÄOCXHFaexcH pasjiHHHbiMH nyxHMH. FHÄpoxypÖHHa na FSC paöoxaex 
npn nocxoHHHOH qacxoxe BpameHHH, ho npn pasHbix nanopax h pacxo- 
Äax (moihhocxhx). MoÄCJib xypÖHHH HcnbixbmaKyr, KaK npaBHJio, npH 
nocxoHHHOM Hanope, ho npH pasHWX snaqeHHHx HaxpysKH h qacxoxbi 
BpameHHH. XapaKxepnofi ocoöeHHOcxbio peaKXHBHofi FHÄpoxypÖHHH 
fljiH KOHKpexHHX ycjioBHH sKCHJiyaxaHHH HBJinexcH HSMeHeHHe ee pac- 
xoÄa npH nocxoHHHOH qacxoxe BpameHHH h, oõImuh^ npn homoiuh 
noBopoxa jionaxoK nanpaBJiHiomeFO annapaxa h jionacxefi paöoqeFO 
KOJieca (b cjiyqae noBopoxHOJionacxHbix xypÖHH). Opn sxom cxpyKxypa 
noxoKa Ha bxoäg h BbixoÄe h 3 paöoqeFO KOJieca snaqHxejibHo mchh- 
excH, qxo hbjihcxch hphhhhoh HSMeneHHH xapaKxepncxHKxypÖHHbi npH 
nepexoÄe ox oähofo pejKHMa paöoxbi k ÄpyroMy. TaKHM oöpasoM, b 
peaKXHBHOH FHÄpoxypÖHHe pacxoÄ h qacxoxa BpameHHH hbjihioxch 
H esaBHCHMbiMH nepcMeHHbiMH. B oõmeM cjiyqae hhcjio nesaBHCHMbix 
nepeMeHHbix saBHCHX ox xnna FHÄpoxypÖHHbi. 

CxpyKxypa noxoKa b npoxoHHOH qacxH xypönHbi onpe;],ejiHexcH ee 
FeoMexpnqecKHMH oqepxaHHHMH, oxKpbixHCM HanpaBJiniomeFO annapaxa 
H yFJiOM ycxanoBKH Jionacxefi. OxKpbixHe HanpaBjiniomero ^annapaxa 
Co peaKXHBHOH FHÄpoxypÖHHbi npeÄCxaBJiHex coöoh Kpaxqaömee pac- 
CTOHHHe MeH<ji,y coccähhmh jionaxKaMH, Koxopoe HSMeHnexcH b saBHCH- 
MocxH ox HX yrjioBOFO noJiomeHHH (pHC. 67). B KOBmoBOH xypÖHHe ox- 
KpbixHe conjia peryjinpyexcH npH noMomn nepeMeniaiomeHCH hfjih. 
Vfoji ycxanoBKH Jionacxefi paöoqero KOJieca <p noBopoxHOJionacxHbix 
FHApOXypÖHH OXCHHXblBaiOX OX yCJIOBHOFO HyJIH ((p = 0 ), npH KOXOpOM 
nepH 4 )epHHHoe ceneHne jionacxH ycxanoBJieHO noÄ pacnexHHM yFJioM 
Ppacq- PasBopox jionacxoH H yBCJiHHeHHe yFJia ycxanoBKH jionacxH co- 
oxBexcxByK)x nojiOÄHxejibHbiM yxJiaM <p; saKpbixHe Jionacxefi h yMeHb- 
meHHe yxjioB ycxanoBKH jionacxH Pycr no cpaBHCHHio c pacnexHofi 
BeJIHHHHOfi — OXpHUaxeJIbHblM yFJiaM cp. 
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SHepxexHqecKHe, KaBHxauHOHHbie h Äpyrne noKasaxejiH FHÄpoxyp- 
6 hh moh^ho npeACxaBHXb b bhag cjieAyiomHX saBHCHMocxefl, HaswBaeMbix 
xapaKxepHcxHKaMH [ 13 ; 18 ]. JXjir HcecxKOJionacxHbix peaKXHBHHX fhapo- 
xypÖHH xapaKxepHcxHKH moäho npeAcxaBHxb b BHAe CACAyiomHX saBH- 
CHMOcxefl: 


(261) 


N 

==h{D,; 

ao'. 

H; 

n); 

Q 

= /2 (Di; 

ao'. 

H\ 

n); 

'n 


ao'. 


n); 

Hs 


ao. 

H; 

n). 


/Tj th nOBOpOXHOAOnaCXHblX XypÖHH, y KOXOpbIX OAHOBpeMeHHO H3- 
MeHHKjrcH oxKpbixHe HanpaBAHiomeFO annapaxa h yxoA ycxanoBKH 
Aonacxefi, xapaKxepHCXHKH HMeiox bha: 


( 262 ) 


N = 

- fi {Dl, 

ao'. 

<p; 

H', 

n); 

Q = 


ao. 

<p; 

H; 

n); 

7j = 


ao'. 

<p; 

H; 

n); 


-h{Di; 

Oo', 

<p; 

H; 

n). 


Ha paccMoxpeHHH aaBHCHMOcxefl ( 261 ) h ( 262 ) cjieAyex, nxo: 

HHCJio HeaaBHCHMbix nepeMCHHHX aär paAHajibHo-oceBHX, npo- 
nCAACpHHX H KOBmOBHX FHApOXypÖHH pBBHO HexbipeM (peFyAHpoBaHHe 
pacxoAa xaKHX, xaK nasHBaeMbix FHApoxypÖHH oahhohhofo penyanpo- 
BaHHH, ocymecxBAHexcH aa cqex HaMeneHHH oxKpbixHH nanpaBAHiomeFO 
annapaxa); 

AJIH nOBOpOXHOAOnaCXHbIX FHApOXypÖHH (oceBblX H AHaFOHaAb- 
HHX) HHCAO HeaaBHCHMbix nepeMCHHHX, BAHHIOmHX Ha SHCpFO-KaBH- 
xauHOHHHC noKaaaxejiH, paBHO hhxh (noBopoxHOAonacxHbie FHApoxyp- 
6 hhh HMCKyr ABofinoe peFyAHpoBaHHc: oAHOBpeMCHHoe h coFAacoBan- 
Hoe HaMeHCHHe oxKpHXHH HanpaBAHiomeFO annapaxa h yxAa ycxanoBKH 
Aonacxefi paöoneFO KOAeca). 

rpa(})HqecKH npcACxaBHXb HaMCHCHHe 4)yHKij.HH ox qexbipex hah hhxh 
H eaaBHCHMbix nepeMCHHbix neBoaMOJKHo, noaxoMy oömne aaBHCHMocxn 
BHAa ( 261 ) HAH ( 262 ) pacKAaAbiBaiox na pHA npocxbix. Tanne qacxHbie 
xapaKxepHcxHKH, HaabiBaeMbie AHHefinbiMH (hx HeaaBHCHMan nepe- 
MeHHan oxKAaAHBaexcH BAOAb och aõcuHCc), ycxanaBAHBaiox CBHab 
MemAy AsyMH napaMexpaMH npH ycAOBHH, nxo ocxaAbHbie BeAHHHHbi 
He H3MeHHK)xcH. PaaAHHaiox cAeAyKDiAHe bhah AHHefiHHx xapaKxepH- 
cxhk: oõopoxHyio; pacxoAHyio; Hanopnyio; MomHOCxHyio (pnc. 66). 
OAHaKO AHHeÖHbie xapaKxepncxHKH, HMen oAny neaaBHCHMyio ne- 
peMeHHyK), OAHocxoponne npeACxaBAHiox cBoflcxBa FHApoxypÕHH, 
nocKOAbKy Ha FSC oAHospeMeHHO HaMennioxcH abh napaMexpa —Mom- 
Hocxb FHApoxypÖHHbi H ec Hanop. jI,AH noAHoro npcACxaBAeHHH noKa- 
aaxeAefi FHApoxypÖHH HcnoAbayiox yHUBepcaAbHbie xapaKxepncxHKH, 
coAepjKaiAHe aaBHCHMocxH onpeAeAeHHbix napaMexpoB ox Asyx HeaaBH¬ 
CHMbix nepeMeHHbix. TaK, nanpHMep, aKcnAyaxaHHOHHan, hah nanopno- 
MOiAHOcxHaH xapaKxepHcxHKa r] — f {N — //), Koxopyio cxponx a-hh 
B biöpaHHOFO AHaMexpa h qacxoxH BpameHHH xypÖHHH b KoopAanaxax 
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N — f/.COflepÄHT H30JIHHHH paBHbIX KFIJI T] = COnst, BMCOT OTCa- 
cbiBaHHH = const h jihhhk) orpaHH^eHHa moibhocth (§ 46). 

Ho ÄaHHbiM HcnbiTaHHH MOÄejiefi rHÄpoxypÖHH b KoopÄHHaxax 
Qi — rij cTpOBT oöopoTHo-pacxOÄHbie yHHBcpcajibHbie xapaKxepH- 
CTHKH. yHHBcpcajibHaB xapaKxcpHcxHKa MOACJiH OBHCbiBaex anepre- 
THqecKHC H KaBHxauHOHHbie KaqecxBa xypÖHHbi npn pasjiH^HHX pejKH- 
Max paöoxbi, BpeÄCxaBJieHHbie b bhäg ceMcflcxBa KpHBbix: t] = const; 



Phc. 66. JlHHeHHbie xapaKxepHCTHKH rHÄpoxypöiH: 

a — oöopoTHue; N = f (n); \ — f («); 6 — pacxoÄHbie f (Q); N = f (Q); n—f (Q): e — nanop- 
Hbie 11= f (n)'. N ^ f (H); e — MomnocTHHe ii = f (N); 0^=1 (N). 


o — const, a xaKace jihhhh paBHbix oxKpbixHH üq = const; yrjioB (p = 
= const noBopoxHOJionacxHHX xypÖHH) h jihhhk) 5% aanaca Mom- 
HocxH (ahs! paAHajibHO-occBbix H nponejiJiepHHX rH;i,poxyp6HH). 

ÜOCXpoeHHe paSJIH^HHX JIHHCHHblX H yHHBcpcajibHbix XapaKXepH- 
cxHK no AaHHbiM HcnbixaHHH MOÄCJieH npHBCACHO B §§ 41, 42, 43. Hc- 
nojibsoBaHHC yHHBcpcajibHbix xapaKxepHcxHK moactich npH onpeACJie- 
HHII OCHOBHbIX napaMCXpOB H nOCXpOCHHH JIHHCHHblX H 3 KcnJiyaxaij.H 0 H- 
Hbix xapaKxepHCXHK naxypHbix XHApoxypÖHH cm. §§ 45 h 46. 

§ 38. Cnocoöbi peryJiHpoBaHHa pacxo^a 

SHeprexHHccKHc h KaBHxauHOHHbie noKasaxcjiH rHApoxypÖHH h 
4)opMa Hx xapaKxepHCXHK saBHcax ox cnocoöa peryjiHpoBanHH pac- 
xoAa 17; 221. B paAHajibHo-occBofl rHApoxypÖHHC pacxoA peryjiHpyexcH 


npH noMomH hsmchchhh oxkphxhh Go HanpaBjiHioiAero annapaxa (pnc. 
67, a). B noBopoxHOJionacxHbix"^ aa chcx OAHOEpcMCHHoro hsmchC' 
HHH oxKpbixHH Oq h yxjia ycxaHOBKH jionacxcH (p (pHC. 67, 6). PeryjiH- 
poBaHHC pacxoAa kobuioboö rHApoxypÖHHbi ocyiuecxBjinexcH aa chct 
nepcMemcHKH hfjiu b conjie (pnc. 67, e). nojioHteHHe hxjih onpcACJUiex 

OXKpbTXHC COHJia 0 ^, HJIOIUaAb CXpyH Fctp = f (cio) a GC CKOpOCTb ÜcTp- 
TaKHM oöpaaoM, pacxoA kobhioboh xypÖHHbi 

Q = v„pF^ = cp ^2^/ (ao) - f K, H), (263) 

OiCÄOBaxejibHO, pacxoA hc aaBHCHx ox qacxoxbi BpamcHHH xypÖHHbi 
H 4)opMbi KOBUiCH paöoHcro KOJieca. 



Phc. 67. Cnocoöu peryjiHpoBaHHH pacxofla nepea rHÄpoxypÖHHy: 

a HSMeHeHHCM otkpwthh HanpaBJiHiomero annapara; 6 — HSMeHeHHeM yrJia ycranosKH JionacTefi 
paöoqero KOJieca; e — HSMeHeHHeM otkpbithh conJia. 

^xo6h ycxaHOBHXb aaBHCHMOCxb nponycKHOH cnocoÖHOcxH peaKXHB- 
Hbix XHApoxypÖHH OX rcoMcxpHHCCKHX pasMcpoB H cxpyKxypu nOXOKa 
B npOXOHHOH HaCXH, MOJKHO BOCnOJIbSOBaXbCH ypaBHCHHCM JI. Sftjiepa 
AJIH xypÕOMaiDHH 

U^HpKyjiHiiHH Ha Bxojie B paöoHce kojicco coaflaexcH HanpaBJi5iK)iii,HM 
annapaxoM (pHC. 68, a): 

Fo = t.Dvu, = T.Dvr, ctg «0 = Tl. (265) 

OoAcxaBHB aHaqcHHC Vr^ — B ypaBHCHHC (265), nojiy^iaiox 

Fi = ^ctgao. (266) 
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IXHpKyjiflUHK) Ta Hü BbixoÄC H3 paöcwero KOJieca b nepBOM npHÖJiH- 
JKCHHH MOXCHO Onpe^G^HTb CpeÄHCH 110 paCXOÄY nOBepXHOCTH TOKa 

€—1—2 (pHc. 68, a): 

Fa — 'RD2cp^ut ~ TCjD2cp (wa p2)* (267) 

jcDgcpn 

OoÄCTaBJiHH B ypaBHeHHe (267) sHaqeHHH Wa == —gQ— h t>m* — 
= (F 2 — njioma;i.b noxoKa Ha BHXOAe h 3 paöoqero KOJieca), noJiy- 

* 9. 



Phc. 68. Cbhsb MexcÄy uHpnyjiBUHsiMH Fj h h pacxoflOM 

qepea TypÖHHy: 

Q — MepiUQioBajibHaH npocKHHH iiojiocth nwpoTypöHHbi; 6 Tpeyrojifa- 
HHK CKopocTeft Ha Bhixofle H3 HanpaBJiHiomero annapaTa; o to »e 
Ha Bhixofle H3 pa6o'iero KOJieca. 


>qaK)T saBHCHMocTb Mex^Ay HHpKyjiHUHefi Fa, reoMerpHHecKHMH napa- 
MexpaMH paõoHero KOJieca h pacxoAOM 





(268) 


rioÄCTaBHB sHaneHHH F^ h Fa b HCXoaHoe ypaBHeHHe (264) h BbinoJi- 
HHB npeoöpasoBaHHH, nojiynaKiT BbipajKCHHe äJih onpCAeJieHHH pacxo^a 
-qepes rHApoTypÖHHy: 


r^e 



eOri^gH , n^Dl^ 
n ^ 60 

ctg Hq ^•^2cp ^2 


^ n 60 ' 
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Hs BbipaiKeHHH (269) cjieAyex, hto Hä'nponycKHyio cnocoÖHocTb 
TypÖHHbi bahhiot: reoMeTpH*iecKHe pasMepbi npoxoHHOH qacxH {F^, 
F> 2 cp; ^^o). noxoKa b npoxoHHofl qacxH (yrAbi noxoKa na BbixoAe' 

H3 HanpaBAHiomero annapaxa h na BbixoAC h3 pafionero KOAeca Pa)» 
Hanop H H Hacxoxa BpauieHHH n xypÖHHu. PaccMoxpHM npHMeHfleMbie 
cnocoöbi peryAHpoBaHHH pacxoAa peaKXHBHbix xHApoxypÖHH. 

1. PeryAHpOBaHHC pacxoAa npn homoihh HanpaBAHiouiero annapaxa 
C nOBOpOXHbIMH AOnaXKaMH. ripH H3MeHeHHH OXKpbIXHH HanpaBAHK)- 
mero annapaxa (pnc. 67, a, 68, 6) yroA noxoKa ao na BbixoAC h3 nercr 
xaKjKe MeHHCxcA. npH saKpbixHH HanpaBAHiomero annapaxa yroA ao 
H pacxoA Hepes xypÖHHy yMeHbuiaioxcfl. Flpn oxKpbixiiH nanpaBAHio- 
mero annapaxa BeAHHHHa yxAa ao pacxex (ctg ao yMeHbmaexcn), no- 
sxoMy pacxoA yneAHHHBaexcH. 3xox cnocoö peryAHpoBaHHH pacxo- 
Aa npHMCHHiox B paAHaAbHo-oceBbix h nponeAAepHbix xHApoxypÖH- 
Hax. CHHxpoHHbiH HOBopox AonaxoK ocymecxBAHexcH npH nOMO- 
uiH cepBOMOXopoB HanpaBAHioHiero annapaxa h MexaHHSMa noBO- 
poxa. 

2. TlBOHHoe peryAHpoBaHHC pacxoAa npH noMomn noBopoxa Aona- 
xoK HanpaBAHKimero annapaxa h Aonacxeö paöonero KOAeca. B sxom- 
CAynae HMeex Mecxo OAHonpeMCHHoe h corAacoBaHHoe HSMeneHHe yr- 
AOB ao H Pa- ^TOX npHHHHn peryAHpoBaHHH npHMenniox b noBopoxHo- 
AonacxHbix oceBbix h AHaronaAbHbix xHApoxypÖHHax. 

Bo 3 MO>KHbi H Apyrne cnoco6bi peryAHpoBaHHX pacxoAa, ho npHMe- 
H 5 HOX Hx sHaqHxcAbHo pexce. K HHM OXEOC5IXC5I cAeAyK)ni.He: 

3. PeryAHpoBaHHe pacxoAa sa cnex HSMeHeHHH yrAa noxoKa Pa 
Ha BbixoAE H3 paöonero KOAeca. Flpn sxom yroA ycxanoBKH Aonacxefl- 
paöonero KOAeca MennexcH (noBopoxHbie Aonacxn), a AonaxKH nanpaB- 
AHiomero annapaxa — HenoABH>KHbie. 

4. HsMeneHHe bbicoxh nanpaBAJuoniero annapaxa npn noMomn h 3- 
MeneHHA noAO>KeHH5i nHAHHApnqecKoro mnxa, ycxaHOBAeHHoro nepeA 
HanpaBAHiouiHM annapaxoM. OnycKaHHCM h noAHKMaHHCM ntnxa pery- 
AHpyKDx pacxoA qepea rHApoxypÖHHy. 

5. OAHOBpeMeHHoe MSMeneHHe Bbicoxbi annapaxa h noAO>KeHHH ero 
AonaxoK. TaKoe peryAHpoBanHe pacxoAa ocym.ecxBHMO aah paAHaAb- 
Ho-oceBOH rKApoxypÖKHbi cpeAHeH öbicxpoxoAHOcxH, HMeiomeH uh- 
AHHApnqecKyK) 4)opMy Aonacxn y Bepxnero oöoas paõonero KO¬ 


Aeca. 

Cnocoöbi 1, 3, 4 oxHOCHxcn k OAHHonnbiM cnocoöaM peryAHpOBaHna 
pacxoAa. Cnocoöbi 2 h 5 oöecneqHBaKDX abohhoc peryAHpoBaHHe pac¬ 
xoAa. FHApoxypÖHHbi ABOHHoro peryAHpOBaHHH pacxoAa hmciox bhco- 
KHC sHaqeHHH KFIXt b ujHpOKOM AnanasoHC HSMeHCHHn nanopa h moui,- 
HocxH, X. e. sHaqHxeAbHO scJ^eKXHBHee no cpaBHCHHio c XHApoxypÕH- 
HaMH OAHHoqHoro peryAHpoBaHHH. BAaroAapn corAacoBannoMy no- 
Ao>KeHHK) AonaxoK H Aonacxeö na KOMÖnHaxopHbix pex^HMax no- 
xoK Ha BbixoAe H3 paöoqero KOAeca cAaöo saKpyqeH (r 2 ^ 0), 
BCACAcxBHe qero oöecneqHBaexcn MaKCHMaAbHo bosmo/khuh KFIZt, 
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§ 39i ^OcHOBHBie h o6i»eM moagjibhbix HcntiTaHHH 

Jljisi yJiy^nieHHfl sHepreTiwecKHX, KaBHxauHOHHbix h nyjibcauHOH- 
«bix xapai-iTepHCXHK rHApca-ypÖHH h yBeJiHqeHHH hx öbicxpoxoÄHOCXH 
HeoöxoÄ^^*® npHMeHflXb coBpeMeHHbie MexoAbi rHÄpOÄHHaMHqecKHX pac- 
ijeTOB npoTO^iHofi qacxH h npoBO^HXb BcecxopoHHHe aKcnepHMCHxaJib- 
«we HCCJie^OBaHHH hx MO^e^iefi. 

FHÄpoMexaHHqecKHe Mexo^H pacqexa coABpjKax pn^ AonymeHHH, 

KaK npSBHJio, He yqHXbieaiox BsaHMHoe BJiHHHue ajieMenxoB npoxoq- 
Hofi ^acTH. rioaxoMy OKOH^axejibHafl oucHKa noKaaaxejieö cnpoeKXH- 
-saHHOH xipOToqHoft ^acTH MOHtcx 6bixb BHnojiHeHa xojibKO nocjie npo- 
ggneHHH sKcnepHMeHxajibHbix HCCJieAOBaHHH MOÄeJiefi. B cbhsh c 3thm 

TCeÖOBaHHil K KOHCXpyKUHHM H napaMBXpaM XHÄpOXypÖHHHblX CXCHÄOB, 
a TaKxce nswepHxejibHbiM npHÖopaM HcnpepbiBHO Boapacxaiox, no- 
CKOJIbKy TOHHOCXb MOiX&IIbHblX HCHHXaHHfi Cyii;eCXBeHHO BJIHHCX Ha 
HaÄeMocTTb noJiyneHHHx AaHHUx h BWÄaBaeMbix rapaHXHH äJih Ha¬ 
rv PHUX rKÄpOTypÖHH, HcHblXaHHfl XHÄpOXypÖHH CXpCMHXCH 

nOOBOÄHTt- B yCJIOBHHX, 6 jIH 3KHX K HaxypHbIM. B 06beM MOAeJIbHHX HC- 
yraHHH npoxoqHOH qacxH xypÖHHbi Bxo;;flT: onpcÄeJieHHe sHeprexHqe- 
CKHX H Ka BHXaUHOHHblX XapBKXepHCXHK MOAG^IH; CHHXHe nyJIbCaHHOH- 
■Hbix xapaxxepHCXHK; onpeACJieHHe chjiobhx xapaKxepHcxHK Ha- 
inpaBJiHioiixero annapaxa h paöoqero KOJieca, aaiviep HanpHXceHHH b 
' onaxKax n jionacxHx; onpeACJieHHe paaroHHHX xapaKxepHCXHK moagjih 
„ pejiHqHHM oceBoro xHApaBJiHqecKoro ycHJiHS, AeficxByiomero na pa6o- 
qee KOJieco. üpH öojtee hoaPoöhhx sKcnepHMeHxajibHbix HccAeAosa- 
hhhx saM^pHiox noxoK b pasJinqHHx ceqeHHHx npoxoqnoH qacxH, 
pacnpeAeJieHHe ASBJieHHH Ha JionaxKax HanpaBJiaioiHero 
annapaxa, JionacxHX h oöoAax spamaiomerocH pa6oqero KOJieca h npo- 
boaht Apyrae cneuHajibHbie paöoxu. 

naHHbie onbixHbix HccjieAOBaHHH MOA&neH Hcnojibsyiox ajih: onpe- 
neJieHHfl A^aMeipa, qacroxbi EpamemiH h ApyrHX napaMexpoB Haxyp- 
boh rHApoTypÖHHbi, a xaioKe nocxpoeHHH ee aKcnjiyaxauHOHHOö xa- 
naKxepHCTHKH; pacqexa Ha npoHHOcxb A^Tajiefi h ysAOB xypÖHHH h re- 
Hepaxopa; coBepmeHcxBOBaHUJi rHApOAHHaMHHecKHx MexoAOB pacqexa 
npOTOHiioH qacxH; yxoqHCHHH (J)opMyJi nepecqexa KFIJI h Apyrnx Bejiii- 

qiiH c MOA^a Ha HaxypHyK) xypÖHHy. 

CoBpeMeHHbie rHAporypÖHHHbie cxenAbi oöecneqHBaiox BbicoKyio 
TOHHOCTb MOAeJIbHblX HCnblxaUHH, HXO HeoÖXOAHMO AJIH HaAeiKHOrO onpe- 
nejieuHH sHaqeHHH MaKCHMajibHoro h cpeAHe3KcnjiyaTau.HOHHoro KOJU 
HaxypHofl rHApoxypÖHHbi, ee npasiiJibHOH ycxanoBKH Ha FSC h 3(J)(^eK- 
thbhoh 5 KcnJiyaxaunH sHepreiHHecKoro oöopyAOBaHiiH b ue^noM. 

§ 40. KpaxKaa xapaKxepncTHKa coBpeMeHHbix 
rHAPOTypÖHHHbIX cxeHAOB 

06opy.AOBaHHe niApoxypÖHHHoro cxenAa aoji>kho oöecneqHBaxb ne- 
yCJIOBHH AJIH HpOBeAeHHH HCppTaHHH MOAeJieÖ FHApOTyp- 
6 hh. jXHaMexpM MOAeJiefi xHApoxypOHH h HanopH hx HcnHxaHHÖ na- 


SHaqaiox c yqexoM BbinojiHeHHH ycjioBHÖ MOAejiHpoBaHHH hotokob no 
ocHOBHbiM KpHxepHHM HOÄOÖHH [1; 15]. ÜpH npoBCAeHHK sHeprcxHqe- 
CKHX HCnHXaHHH MOAeJiefl OCHOBHbIM TpedoBaHHCM HBJIHeXCH oöecne- 
qeHHe b noxoKe onpeAejueHHbix anaqeHHH qncaa PefinoAbAca Re ^ 
>(1,5 -7- 2) 10® (aoHa aBxoMOAeJibHocxH). 3xo yAaexca Aocxnqb, Bqacx- 
HocxH, npH ÄHaMexpax MOAeaefi Di = 500 -f- 800 mm h Hanopax H = 
— 4 -r- 6 Af. 

B cbok) oqepeAb, pfln BbinoJiHeHHH noAOÖHH npn KaBHxauHOHHHX 
H nyjibcauHOHHbix HcnbixaHHHx MOAeJieö HeoöxoAHMo npHMeHHXb sna- 
HHxejibHo öojibiuHe Hanopbi, oöecneqHBaxb noAOÖne no coAepxcaHHio 
BosAyxa B BOAe h t. a- 


Ta6/iutia 5. OcHOBHue rexHHHecKHe xapaKTepncTHKH coBpeMeHHux 

rH;^OTyp6HHHiiix CTeHAoe 


HaasaHHe crpaHU 

B 4>hpmu (jiaÕoparopHB) 

AHaHerp 

MOÄCJIH Mt, 

MM 

Hanop 
HcnuTaHHfi 
H. M 

PacxoÄ Q. 
aJc 

MomHOCTfa 
aacocoB, 
N, Kem 

s 

»; 

« s—. 
««« 
s 2 3 

s h S 

£ o 5 
eo 

€0 

O 

C 

€0 

f- 

ca 

tl 

KanaÄa. JQIomhhhoh 
Hhähhhphh BopKC 

400 

6—24 

1000 

300 

3aMK- 

1953 

HefipnHK 

500—600 

25 

300—1200 

225 

HyTUH 

1954 

IIlBeuHH. KMB. 

250—275 

12 

450 

75 

« 


JlnoHHB. MniiyÖHCH 

200—300 

20—55 

300—600 

500 



lOrocJiaBHH. JlioöJiHHa 

350—500 

25—50 

1000—1500 

800 

« 


lÜBeHuapHH. 3mep-BHcc 

250—300 

100 

300—1100 

870 


1953 

CIIIA, Mopran Cmht 

305 

90 

1300—1600 

600 


1956 

Abctphb. r paii-AH;ipHu 

300—450 

10—100 

200—950 

800 

« 

1956 

Anr^iHH. HHrviHin- 
SjICKXpHK 

300—500 

3—275 

1700 

670 



Ahfjihh. H. E. JI. 

250—500 

90 

1400 

210—350 


1961 

Hhähh. XapÄBap X. E. 

250 

16—20 

500 

170 


1970 

Hhähh. Dyna (IJ,. B. C) 

350—500 

23 

3100 

600 

« 

1969 

CCCP. J1M3 

460 

60 

2800 

lOOO 

« 

1965 

CCCP. XTFS 

460 

100—150 

3000 

3000 

« 

1967 


Hs paccMoxpeHHH xexHHqecKHX xapaKxepncxHK neKoxopbix coBpe- 
MeHHbix cxeHAOB (xaöji. 5) cjieAyex, qxo naÖJiRDAaexcH Ase xeHAeHHHH 
B HpOBeAeHHH MOAejibHbix HcnbixaHHÖ; HcnbixaHHe MOAeJien rHApoxyp- 
6hh MaKCHMajibHo B03MO>KHbix pasMepoB Dl = 500 -f- 800 mm npH yMe- 
peHHfaix Hanopax H = 4 -h 6 m; HcnbixaHHe MOAeJiefi xypÖHH Di = 
= 250 -f- 460 npH naxypHux hjih MaKCHMajibHO npHÖJiHJKaio- 
lUHxcH K HHM Hanopax H = 60 -h 150 h Bbime, 

OcHOBHbie napaMexpbi XHApoxypÖHHHbix cxeHAOB (paaMep MOAe/iH 
H Hanop HcnbixaHHÖ) npHHHMarox b saBHCHMOcxH ox saAaq HccjieAOBa- 
HHH H OHH OrpaHHqHBaiOXCH MOmHOCXHMH npHBOAHUX HaCOCOB H MO- 
ACJIH xypÖHHbI. 
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riocKOjibKy coÄcpjKaHHe BosAyxa b Bo^e OKasHBaex onpeÄCJieHHoe 
BjiHHHHe Ha BosHHKHOBeHHe H pasBHTHe KaBHTauHH B rHÄpoxypÕHHe, 
npH npOBCÄeHHH KaBHTanHOHHblX HCHblTaHHH HeoÖXOÄHMO nOÄÄGpJKH- 
Baxb nOCTOHHHOe KOJIHHeCTBO BOSÄyxa B BOäC. JIjIH 3T0H HeJIH npe^y- 
CMorpcH peaopöep 2. ripH npoxojKÄeHHH noroKa qepea sohh noHHÄCH- 
Horo ÄaBJicHHH B npoTOHHOH HacTH moägjih qacTb Bosjayxa BbiÄejiaercH 
H yHocHTCfl noTOKOM B BH^e nysbipbKOB B 6aK HHJKHero 6be(J)a, oxKyÄa 
OHH cMMBaKyrcH noTOKOM Bo BcacbiBaiouxHH xpyöonpoBOÄ HacocoB, Ha- 
cocbi no^aiox Bo^y hoä öojibuihm ÄaBJieHHeM b 6aK öojibuioft cmkocth, 
HasuBaeMbiH pesopöepoM. BpcMfl npoxoÄAeHHH nysbipbKOB BMecxe 
c noxoKOM qepes pesopöep äojijkho öhxb ne Menee 60 c. Khk noKasbi- 
Baiox pacqexbi h ohbix paöoxbi cxeH^a, sxoro ÄOcxaxoHHo, qxoObi BosAyx 
CHOBa pacxBopHJicH B BOjae, npextÄe hcm ona nocxynHX b moag^ib xyp- 
ÖHHbi. HsMepHxejibHHC ycxpoHcxBa H npHÖopbi cxeHj^a nosBOJiHiox aa- 
MepHTb*. pacxoÄ, Hanop, MOuxHOCxb h qacxoxy BpameHHH 
a xaKHce xeMnepaxypy boabi h co^epiKaHHe BosAyxa b cHcxeMe. Pacxoa 
B cHcxeMe saMepfliox npH homoiuh xpyöbi BenxypH h pxyxHoro ÄH(})(J)e- 
peHHHajibHoro ManoMexpa; Hanop — cneunajibHbiM pxyxHbiM ManoMex- 
poM, noÄKJiioqeHHbiM k nanopHOMy öany h öaxy HHÄHero 6be4)a. Flpn 
noMouiH sjieKxpHqecKOH öajiancHpHOH ManiHHbi h sjieKxpoHHoro cqex- 
HHKa saMepHKxr MCMeHx h qacxoxy Bpan].eHHH moägjih h BbiqncjiHiox ee 
MOmHOCTb Ha HCCJieÄyeMOM peJKHMC [IJ. 

Ha KpynHOMacHixaÖHbix creHAax, üOäoöhhx paccMoxpeHHbiM, npo- 
boähx qHcxoBHe HcnbrraHHH JiyqniHX MOAejiefi xHÄpoxypõHH c nejibio 
OKOHqaxejibHoro onpeÄOJieHHH hx aneprexHqecKHX, KaBHxanHOHHbix 
H ÄpyrHX xapaKxepHCXHK. TaKHM HCHbixaHHHM oõbiqHO npeÄUiecxByiox 
SHeprexHqecKHe h KaBHxanHOHHbie nccJieÄOBaHHH pn^a uoj^enePi MeHb- 
uiHX pasMepoB na Majibix cxeHAax (Di = 250 -f- 350 mm). Oxoöpan- 
Hbie B nponecce axHX HcnbrraHHH Jiyqmne BapnaHTM paöoqnx KOJiec 
npOXOÄHT HCHblxaHHH Ha ÖOJIbUIHX CTeH^SX. 

§ 41. MeTOAHKa aHeprexH^ecKnx ncniiiTaHniä 

MOAeJieS rHAPOTypÖHH 

IIjih onpe.Ä.ejieHHH snaqeHHH KHIl xypÖHHbi na pasjiHqHbix pe>KHMax 
paöoxbi npoBOÄHx sneprexHqecKHe HcnbixaHHH ee MOÄ.ejiH [1; 15]. C sxoö 
uejibK) Ha pasJiHqHbix oxKpbixHHx HanpaBJiniomero annapaxa h narpys- 
Kax Ha Bajiy moagjih saMepniox pHÄ BejinqHH. ^hcjio oxKpbixHH nanpaB- 
jiHiomero annapaxa BbiÖHpaioT xaxHM, qxoöbi ÄOCxaxoqHO noJiHo Hccjie- 
AOBaxb pasjiHqHbie pexcHMbi paöoxbi moagjih (oöbiqno 8—12 oxKpbixHft). 
Ha KajKAOM oxKpbiTHH HanpaBJiHiomero annapaxa üq = const, nocjie- 
ÄOBaxejibHo HSMeHHH HarpysKy na xopMOSHOM ycxponcxBe, saMepHiox 
qacxoxy BpameHnn n, oõImuh, mombhx M, nanop H h pacxo^ Q MOAejin. 
X(jiH nocxpoeHHH oöopoxHOH xapaKxepHCXHKH 11=/ (ni) npH ^aHHOM 
OXKpUXHH (pHC. 71) qHCJIO XOqOK (pemHMOB) aOJI>KHO ÖblXb npHMepHO 
10 -f- 12. /Ijih noBopoxHOJionacxHOH xypÖHHbi yKasaHHbiH o6beM HCCJie- 
ÄOBaHHH npoBO^Hx Ha KajKAOM yrjiy ycxanoBKH Jionacxefi h pasjinq- 
Hbix oxKpbixHHX HanpaBJiHK)n].ero annapaxa. Hjih KOHxpojiH xohhocxh 


H noBXopneMOCXH SKcnepHMeHxajibHbix AaHHbix oöopoxHbie xapaxxepH- 
cxHKH cxpOHx B npouecce npoBe^eHKH HcnbrraHHH. 

HpH noMOHTH saMepeHHbix BCJiHqHH Q, H, M, n BbiqHCJiHK)x: Mour- 
Hocxb, noÄBOÄHMyK) K MOAejiH xypÖHHbi = 9,81 QH\ scpcpeKXHBHyio 

MomHOcxb Ha ee Bajiy ; KH/I xypÖHHbi; npHBeÄCHHbie qacxoxy 

BpameHHH, pacxoÄ h Momnocxb. SaMepeHHbie h BbiqncJieHHHe BejiHqHHbi 
saHocHx B npoxoKOJi HcnHxaHHH /yiH KajKAoro oxKpbixHH HanpaBJiHK)- 
mero annapaxa h onpeÄCJieHHoro yrjia ycxanoBKH Jionacxefi. 

Bbime, npH paccMOxpeHHH ycxpoficxBa xHÄpoxypÖHHHoro cxeHAa, 
õbiJiH ynoMHHyxbi neKoxopbie npHÖopbi ÄJia saMepoB pacxoAa, nanopa. 



Phc. 71 . OöopoTHue xapaKxepHCXHKH MOflejiH pajUHanbHo- 
oceaoH rHÄporypÖHHH (Dj = 400 mm) . 

MOMCHxa H qacxoxbi BpameHHH moägjih. HpHMeneHHe xex hjih jipymx 
HSMepHxejibHHx npHÖopoB saBHCHx ox cxeMbi rHApoxypÖHHHoro cxeH^a, 
HasHaqeHHH h xohhocxh npoBeACHHH HcnbixaHHfi [1; 151. 

SaMep pacxoAa. B oxKpbixbix cxeH^ax pacxoA boabi aa- 
MepHKDX npH noMomH BOAOCJiHBa, Koxopbifi ÄOJiÄeH öbixb npoxapnpo- 
Ban oähhm hs aöcojiioxHbix MexoAOB onpeAejienHH pacxo^a (noABHÄHofi 
SKpaH, oöbeMHbiH H BecoBofi cnocoöbi). B saMKHyxbix ycxanoBKax hc- 
nojibsyiox BxopnqHbie cnocoÖH saMepa pacxoAa, a-hh *iero ycxanaBJiH- 
BHKDX pasAHqHbie pacxoAOMepbi (qame Bcero xpyöy Benxypn hjih ee 
pasHOBHAHocxH). PacxoAOMcpHbie ycxpoficxBa xapnpyiox nenocpeA- 
cxBCHHo Ha Mecxe hx ycxanoBKH b cxeHAe npH noMomn oahoxo hs aöco- 
jiKDXHbix MexoAOB. /(jiH onpeACJieHHH aöcoAioxHoro snaqeHHH KHiX npn- 
MCHHiox OAHH H3 aöcojHoxHbix CHocoöoB saMcpa pacxoAa. XIjib onpcAe- 
AeHKH OXHOCHXeAbHOrO KH/I, npH CpaBHeHHH Me^KAy COÖOK) paSAHqHbIX 
MOAejiefi MOJKHO orpaHHqHXbCH oahhm hs BxopnqHbix mcxoaob saMepa 
pacxoAa (BOAOMepnaH maftöa, xpyöa Benxypn, boaocjihb h aP-)- 

SaMep nanopa. Hanop moacjih onpeACAHiox KaK pasHocxb 
noAHbix yACJibHbix sHeprHH noxoKa na bxoac b cnHpaAbHyio KaMepy 
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H Ha bmxoäg h 3 OTcacbiBaK)ineö xpyöbi. XIjih oöecneHeHHH öojibuiefi xoq- 
HOCXH saMCpoB üpHMeHHiox >KHÄKOcxHbie pxyxHbic HJIH MexajiJiHqecKHC 
MaHOMexpH BbicoKoro KJiacca xoqnocxH. 

SaMep MOMBHxa. Mombhx Ha sajiy MOAejiH saMepniox npH no- 
MomH OÄHoro H 3 cJiCÄyiomHX ycxpoHcxB: xopM 03 a xpeHHH; öajiaHCHp- 
HOH sjieKxpHqecKOH MamHHbi (neHÄejib-renepaxopa); HHÄyKxopnoro 
sjieKxpnqecKoro xopM 03 a; rHÄpsBJiHqecKoro xopMosa; xopcHOHHoro 
ÄHHaMOMCxpa. ripH Bbiöope cnocoöa 3 aMepa MOMenxa HeoöxoÄHMO yqn- 
xbiBaxb ero BejiHqHHy, qacxoxy BpameHHH BaJia moäbjih h ÄHana 30 H hx 
HSMCHeHHH, a xaKJKe xpeöyeMyKD xoqHocxb aaMepoB. noBbiiueHHH 
qyBcxBHxejibHocxH ycxpoHcxBa äjih aaMepa Kpyxnmero MOMCHxa npHMC- 
H 5 HOX cneiiHajibHbie onopbi Bajia moäbjih, HanpHMcp xHÄpocxaxHqecKHe 
nOÄUIHHHHKH. 

SaMep qacxoTH BpameHHH BaJia. B npaKXPiKe skc- 
nepHMeHxajibHbix HccjieÄOBaHHH HanöoJibiiiee npaMeneHHe nauuiH sjiex- 
xpoHHbie cqexqHKH oöopoxoB Bajia moäcjih, Koxopbie oÖJiaÄSiox bmco- 
KOH xoqHocxbK). Macxoxy BpameHHH saMcpniox xaKHte npH homouih hm- 
nyjibCHoro cqexqHKa h pejie BpcMeHH. Hhcjio HMnyjibcoB, nojiaBaeMbix 
Ha cqexqHK, paBHO qacxoxe BpamcHHH Bajia b oõImuh. Ecjih BbicoKan 
xoqHocxb saMepoB ne xpeöyexca, BoaMOH^Ho npHMCHeHHe xaxoMCxpa 
HJIH xaxocKona. 

SaMepbi pacxoÄB, nanopa, MOMenxa h qacxoxbi BpameHHH MOAejiH 
npOBOÄHT TOJIbKO HpH yCXaHOBHBmeMCH peJKHMe paÖOXbl. KoJieÖaHHH 
qacxoxH BpameHHH Bajia bo BpeMH aanncK noKaaaHHH npHÖopoB äojukkbi 
H axoÄHXbCH B OHpejieJieHHbix, ÄOCxaxoqHO yaKHX npe^ejiax [151. Oc- 
HOBHbiMH npnqHHaMH KOJieöaHHH pejKHMa paöoxu MOÄeJiH Moryx öwxb 
nyjibcäHHH nanopa, BbiaBaHHbienaMeHeHHeMqacxoxbi BpameHHH nacoca, 
oöecneqHBaiomero UHpKyjiflHHio bo^bi b cxeHÄe; BHxpeoöpaaoBaHHH 
B KOJienax h j^pyrnx MecxHbix conpoxHBJieHHHx cxeHÄa. BbipaBHH- 

BaHHH nojiH cKopocxefi H jiaBJieHHH B xpyöonpoBOÄBx H Ha BxoAe b mo- 
ÄGJib ycTanaBJiHBaiox nanpaBJiniomHe jionaxKH h BbinpHMJiHiomHe no- 
xoK ycxpOHCxBa. Oähhm h 3 cnocoõoB ycxpaneHHH hjih orpaHHqeHHH 
KOJieöaHHH qacxoxbi BpameHHH MojiejiH HBJinexcH npHMeneHHe na cob- 
peNieHHbix npoMbimjieHHbix cxen^ax cJieÄHmHX ycxpoHCXB, KOxopbie 
npH HaMeneHHH aa/iaHHOH qacxoxbi BpameHHH Mo/iejiH noTiamx HMnyjibcbi 
jfIJiH KoppeKXHpoBKH qacxoxu BpameHHH Hacoca, oöecneqHBaiomero 
HHpKyJIHUHK) BOÄbI B CHCXeMe. 

ripH npoBeAeHHH HcnbixaHHÖ ^onycKaexcH HeKoxopan HepaBHOMep- 
Hocxb qacxoxbi BpameHHH Bajia MOTiejiH. TeM ne Menee, npn noMomH 
HSMepHxejibHbix npHÖopoB H ycxpoHCXB HeoõxoAHMO ÄOCxaxoqHO xoqHo 
H Ha^e^KHO HSMepnxb cpe^HHe anaqeHHH pacxoTia, nanopa, MOMenxa, 
qacxoxbi BpameHHH h /ipyrnx napaMexpoB MO/ieJiH. Toqnocxb onpejie- 
jieHHH KnjH xypÖHHbi aaBHCHX ox XOHHOCXH aaMepa nepeqncjieHHbix 
BejiHqHH. MaKCHMajibHan BoaMOJKHan omnÕKa Arj npH onpeAeJieHHH 
KnZ[ MO^ejiH aaBHCHX ox B03M0>KHbix omHÖoK aaMepoB ox/iejibHbix Be- 
jihhhh: 
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CpeÄHHH BepoHXHaH norpemnocxb onpejiejieHHH KUJX 



TaK, HanpHMep, ä-hh xoro qxo 6 bi BepoHxnan norpemnocxb onpe- 
ÄejieHHH K.n/T. MOflejiH ne npeBbimajia ± 1 %. omnöKa npH aaMepe 
oxflejibHbix BejiHHHH He ÄOJOKHa öbixb öojibme 0,5%. Ha neKoxopbix 
rHÄpoxypÖHHHHX cxeHÄax KUJX uo^ejiu onpeÄeJiHiox c xoqnocxbio 
:t0 5% H ÄajKe Bbime, qxo ocoöchho BaxcHO npn oKonqaxejibHOM bu- 
6 ope xHna paöoqero KOJieca h npoxoqnoH qacxH MomHHX naxypHux 
FHÄpOXypÖHH. 


§ 42. nocTpoeHHe 3 rHHBepcajiBHbix xapaKTepncTHK 
MO^eJieH rHÄPOxypÖHH 

Oöopoxnan xapaxxepHcxHKa r\ = f {tii) npeAcxaBJinex aneprexnqe- 
CKHe noKaaaxejiH moäcjih na onpeÄejieHHOM oxKpbixHH nanpaBjiHiomero 
annapaxa (pnc. 71 ). Hxoöu npeÄCxaBHXb aneprexHqecKHe h KaBHxa- 
HHOHHbie KaqecxBa MOÄeJiH na paajinqnbix oxKpbixHHX, cxpoHX yHHBep- 
cajibHyio xapaKxepHcxHxy. ynHBepcajibHbie xapaKxepncxHKH MOÄCJien 



Phc. 72 . yHHBepcajibHas xapaKxepncTHKa MOfleJiH pajiHajibHO-oceBoö 

FHÄpOTypÖHHH (Dj = 400 mm ). 


THÄpoxypÖHH, npcÄHaaHaqeHHbix AJia paöoxbi na pasjinqHbix Hanopax, 
npHBeAeHbi b HOMCHKJiaxype peaKXHBHbix rHÄporypöHH h hbjihioxch 
hcxoähhm MaxepuajioM ajih Bbiöopa napaMexpoB naxypHbix rHApoxyp- 
ÖHH H HaanaqeHHH pe^KHMOB hx 3(|)(J)eKXHBH0H 3KcnJiyaxauHH (cm. § 45, 
46). HH>Ke onHcana nocJiCÄOBaxejibHOcxb nocxpoeHHH yHHBepcaJibHbix 
xapaKxepHcxHK rnÄpoxypÖHH paajinqnbix xhhob. 

PaAHajibHO-oceBue h nponejuiepHbie rHÄpoxypÖHHM. Ho jiaHiibiiM 
HcnbixaHHH Mo;iejiH Ha 8 -f- 12 oxKpbixHHX HanpaBJiHiomero annapaxa 
cxpOHX oöopoxHbie xapaKxepiicxHKH, nojibsyncb KOXopbiMH npncxynaiox 
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K nOCTpoeHHIO yHHBepcajlbHOH XapaKTCpHCXHKH. nOCTpoeHH5I Bbinojl- 
HaioT B TaKOH nocjieÄOBaxejibHocTH: 

1. Oo ÄaHHbiM npoxoKOjioB 3HeprexH*iecKHX HcnbixaHufl cxponx 
jiHHHH paBHbix oxKpbixHH öq = const B KoopÄHiiaxax Qi — nl 
(pHC. 72). 

2. BbmojiHHH paspesbi oöopoxHbix xapaKxepncxHK jihhhhmh t] = 
== const (pHc. 71), cxpoax b xex me KoopÄHHaxax Qi — nf hsojihhhh 
paBHbix Kn/I,T] = const. B Änanasone snaqeHHH KnXtr] = 92 -f- 80% 
paspesbi BbinojiHHiox oöbiqno qepes 1%, npn MCHbniHx BejinqHHax 

I-1-1-i-1-i-1-[3=3 KllÄ — "lepea 2 %. 

lillil 3. SaAaiOT pn^ sHa^ennH 



rrrvTjü^TT/^^Tjut.TV’ d 


Mep, äJih paÄHaJibHo-oceBbix thä- 
poxypÖHH n/ = 40; 50; 60; 70; 

80; 90 oõImuh) h Ä-na KaacAoro 
paspesa n\ = const ynHBepcajib- 
HOH xapaKxepHCXHKH cxpoax 
KpHBbie N[ = f{Q[) (pHC. 73). 

ZtJIH KaÄÄOH XaKOH KpHBOH 
onpeACJiHiox MaKCHMaJibnyio 
npHBeÄCHHyK) Momnocxb moägjih 

Ar' 

Nl = , Kem^ äJIH npHH 5 iTHX 

snaqeHHH /z/, oõImuh. ^xoöbi 

HsöejKaxb cpbiBa MomnocxH xyp- 
ÖHHbi, oöbiqno öepyx 5%-HbiH 
sanac, x. e. Bbiqncjiaiox snaqe- 

•-- — ■-^^ — V,—^ HHe 0,95 NimsK, no KoxopoMy 

Äfl 250 260 270- 260 2 i^/ onpeÄCJlHIOX BCJIHqHHy Qi, äJc^ 

Phc. 73. K nocTpoeHHK) .^hhhh orpaHHqenHH TaOji. 6). SnaqeHHepacxoÄa, 

MomHOCTH MOÄejiH paÄHa;ibHO-oceBOH rHÄpo- pnoTReTCTBA^mee BejinqHHe 0 95 
xypÖHHM (Di = 400 mm). cmxBCxcxByiomee BejiHqHHey,yo 

iVimax, OXKJiaAblBaiOX Ha JIHHHH 
n\ = const yHHBepcajlbHOH xapaKxepncxHKH. ÕojiyqeHHbie xohkh cocäh- 
H5HOX EJiaBHOH KpHBOH, KOXOpaH HpeÄCXaBJIHCX COOOK) JIHHHK) 5%-rO 
sanaca mcu].hocxh. JTkhhh orpaHHqeHHH mcihhccxh ägjihx yHHBepcajib- 
Hyio xapaKxepHCTHKy na abc qacxn: paöoqyio soHy — jieBee jihhhh 
orpaHHqeHHH moihhccxh h Hcpaöoqyio sony — npanee jihhhh orpaHH- 
qcHHH MouijHOCXH, Tjifi paöoxa xypÖHHbi HeaonycxHMa. 

npHHHHOH CpbIBa MOIHHOCXH BHApOXypÖHHbl HBJIHeXCH SHaqHXCJIb- 
Hoe BoapacxaHHe noxepb sHeprHH npn onpeAOJieHHbix snaqeHHHx pac- 
xoAOB H, KaK cjieACXBHe, yMeHbiueHHe ee Kll/t. PesKoe naAenne Knjt 
npHBOAHX K CHHÄeHHK) MOIHHOCTH, HeCMOXpH Ha HeKOXopoe Bospacxa- 
HHe pacxoAa npn AaJibHeftmeM yeeAHqeHHH oxKpbixHH HanpaBAjuoiuero 
annapaxa. Pocx noxepb b xHApoxypÖHHax c nenoBopoxHbiMH aohbcxhmh 
paöoqero Kojieca npH hx paöoxe na oxKpbixHHX, õöAbuiKx onxHMaAb- 
Horo, oöbHCHHexcH, npejKAB Bcero, oxpbiBOM noxoxa ox Aonacxeft npn 
yBejiHqcHHH yrjioB axaKH h sHaqnxejibHOH aaxpyxKOH noxoKa sa pa- 
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öoqHM KOAecoM (pHC. 60), KOXOpaH BbisHBaex cymecxBCHHoe yBCAHqeHHe 
noxepTb B oxcacHBaiomeH xpyöe. 

B noBopoxHOAonacxHHX rHApoxypÖHnax BeAHqnHa HHpKyAHUHOH- 
Hbix noxepb t^/2gH snaqHxejibHO MeHbuie, h cpbiB Momnocxn nacxynaex 
npH öoAbuiHX oxKpHXHflx, a cjieAOBaxeJibHo, H pacxoAax. Oöbihho Ha 
noAe yHHBepcaAbHOH xapaKxepncxHKH noBopoxHOAonacxHofi xypÖHHbi 
JIHHHK) OrpaHHqeHHH MOIHHOCXH HC HaHOCHX, XHK KHK npHHHMaeMbie 

no^COOÖpaJKCHHHM AOnycXH- XaÕAUtia 6. K nocTpocHHio JIHHHH orpaHHHeHHfl 
MOH BblCOXbl OXCaCblBaHHH IHOIAHOCTH npH w /=—OÕIMUH 

sHaqeHHH QI, aIc, MeHbuie 
Qfmax Ha AHHHH OrpaHKHC- 
HHH MOIHHOCXH. 

KOBIUOBUe FHÄPOXypÖH- 
Hbl. riopHAOK nOCXpoeHHH 
yHHBepcaAbHOH xapaKxepH- 
cxHKH xaKOH me, khk h ajih 
paAHaAbHO-OCeBOH BHApOXypÖHHbl. JThHHH paBHbix OXKpbIXHH conna 
S = const BepxHKaAbHbi, xaK khk pacxoA nepes conAO ne shbhchx ox 
4)opMbi noxoKa na KOBUiax paöoqero Koneca. 

IloBopoTHOAonacTHbie rHÄpoxypÖHHW. KaxcaoMy noAOHceHHio Aona- 
xoK HanpaBAHiomero annapaxa noBopoxHOAonacxHbix xypÖHH cooxnex- 
cxByex CÄHHCXBeHHbifi yroA ycxanoBKH Aonacxefi paOoqero KOAeca, npH 
KoxopoM oöecneqHBaexcH MaKCHMaAbHbifi KrXH xypÖHHM na AanHOM 
pexcHMe (xaKHe pcähmh nasbiBaiox KOMÖUHamopHUMti). 

nl. 

170 


150 

flO 


Phc. 74. nponeji.iepHbie xapaKxepHCTHKH moäcjih occboh noBopoxHOJionacTHOH 

rHApoxypÖHHbi (Di = 460 mm). 

JXjISI OnpeAOAeHHH KOMÖHHaXOpnOH SaBHCHMOCXH H HOCXpoeHHH Ha 
3XOM npHHHHne yHHBepcaAbHOH xapaKxepHCXHKH noBopoxHOAonacxHoö 
BHApoxypÖHHbi CHaqaAa cxpoax ee qacxHbie nponeAAepHbie xapaKxej- 
pHCXHKH (pHC. 74). JXjiü sxofo Ha KajKAOM yrAy ycxanoBKH Aonacxeft 
q) = —10°, —5°; 0°; +5°; +10°; +15° h x. a- npoBOAHX noAHbie snep- 
rexHqecKHe HcnbixaHHH moacah npn pasAHqnbix oxKpbixHsx nanpas- 
AHiomero annapaxa, anaAorHqHo xoMy, KaK 3xo onHcano Bbime aah 
CA yqan paAHaAbHO-oceBbix h nponeAAepHbix rHApoxypÖHH. FIocAe 

15 ? 













-^oro"nepexoÄ 5 iT k nocxpoeHHio rJiaEHofi yHHBepcaJibHoft xapaKxepH- 
CTHKH. Mo>KHO pCKOMeHAOBaTb CJieÄyWlUHH nOpflÄOK nOCTpoeHHH UI. 
JIjih HccKOJibKHX ceqcHHH qacTHbix nponeJiJiepHbix xapaKTepncTHK npn 

HOMOmU JIHHHH n' = const cxpoHT KpHBbie ti = /i(QO h ao = f2{Qi) 


.(dik: 75 ). SaxcM npoBOÄHx orHÖaioiHHe KpkBbix /(Qi) (HanpHMcp, 
^ * ■' MiNy pHC. 75 ). ToqKH KacaHHfl 


^%| ao,MM 
62* 



mo Q{,/i/c 


orHÖaiomHX KpHBbix H nponea- 
JiepHblX KpHBbix TfJ = / (Ql ) 
(KOMÖHHaxopHbie xoqKH A, B, C 
u X. Ä.) nepeHOCHT na KpHBbie 
ao = f2{Qi)- Äa-nee sHaqeHHH 

9 k; 'HKy CLOk KOMÖKKaXOpHHX TO- 

qeK Ä-n5i BbinojiHeHHHX paspe- 
30B n[ = const nepeHOcax Ha no- 


Phc. 75 . Paspesbi nponejuiepHHX xapaKTC- 
pHCTHK JIHHHSMH Wj = COnst. 


jie xapaKxepHcxHKH, noJibsyacb 
HSBeCXHblMH KOOpÄHHaxaMH 

Ql — n'j. Tohkh paBHbix sna- 


'qeHHH <p H COCäHHHIOX HJiaBHMMH KpHBHMH H HOJiyqaiOX JIHHHH 

paBHHX OTKPHXHH H yrjioB (p. Ha nojie rjiaBHofi yHHBepca.^bHOH 
atapaKxepHcxHKH (pnc. 76 ). Bhhojihhh paapesbi oxH^iomHX kj — /.(vi) 
JIHHHHMH 7] = const, CXpOHX JIHHHH paBHbiX B KOOpÄHHaxa 

^j — /ij xjiaBHOH yHHBepcajibHOH xapaKxepHCXHKH (pHC. 7b). 




Mi 

' vSp W 




400 600 800 1000 1200 MO 1600 /eOOQi//c 



Phc. 76. fjiaBHaa yHHBepcaJibHaa xapaxTe- Phc. 77. KoMÕMMTopHaH 

pHCTHKa oceBoÄ noBopoT„o»naCT„oa 

rajipoTypÖHHH (D^ = 460 mm). rHÄpoTypÕHHbi. 


TjiaBHan yHHBepcajibHaa xapaKxepncxHKa noBopoxHOJionacxHOH 
rHApoxypÖHHbi ÄCHCXBHxejibHa xojibko npn cxporoM coõJiiOÄeHHH onpe- 

APJieHHOH SaBHCHMOCXH MCÄÄy OXKpbIXHHMH Üq H yrJIBMH (p. B5I3b 
MCJKay BCJlHqHHaMH öo H (p äJIH HaxypHOH FHÄPOTyPÖH^I yCXanaBJIH 
BaeXCH npH HOMOIHH KOMÖHHaXOpnOH 3 aBHCHM 0 CXH (Pk / (öok). 

Ha rHÄPOsjieKxpocxaHUHH xypÖHHa paöoxaex npH pasJiHqHbix na 
nopax (b ÄHanaaoHe Hm&x — Hmin), h äjih KajKAoro Hanopa hcoöxoähmo 
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nOCXpOHXb KOMÖHHaXOpHyiO SaBHGHMOCXb, CJieÄyn TCb^GpOfi CepBOMO- 
Top paöoqero KOJieca öy^ex pasBopaqHBaxb jionacxH Ha h^)K«;^h yroji 
B SaBHCHMOCXH ox oxKpbixHH HanpaBJiHiomero annapaxa. Oiip^ÄejiHB 
flfla KajKAoro Hanopa BejinqHHy npHBeÄeHHHX oöopoxoB, npoBOÄHX ce- 
qeHHH rJiaBHOHxapaKxepHCXHKHMOÄeJiHJiHHHHMH n'i = const. OpH no- 
MomH HHxepnoJiimHH no jihhhhm <p = const hjih Gq = const Haxo^Hx 
3 HaqeHHH <Pk h öok, no KOxopbiM cxpoax KpHBbie ep = / (ao) ÄJin Ka>K- 
ÄOH BCJiHqHHbi Hanopa (pHC. 77 ). IlojiyqeHHbie KpHBbie Hcnojibsyiox 
fljiH nocxpoeHHH KyjiaqKa KOMÖHHaxopa CHCxeMbi peryjiHpoBaHHH xhäpo- 
xypÖHHH [22]. 

§ 43. MeTOAHKa KaBnraAHOHHBix ncnBiraHHH 

MOAeJieä raflpoTypÖHH 

IJ,eJIbK) KaBHXaUHOHHMX HCnHXaHHH MO^eJIH HBJIfleXCH OnpeAGJieHHe 
SHaqeHHH KpHXnqeCKHX KaBHXanHOHHHX K03(]x|)HnHeHXOB FHApOXyp- 
ÖHHbi npH pasjiHqHbix pejKHMax ee paöoxH. Opn noMomn sKcnepHMen- 
xajibHHX sHaqeHHK Okp BbiqncjiHiox flonycxHMbie SHaqeHHH Bbicoxbi ox- 
cacbiBaHHH Hs, oöecneqHBaiomHe oxcyxcxBHe pasBHTofi KaBHxauHH na 
Bcex pejKHMax paöoxbi xypÖHHbi Ha FSC (cm. §§ 31, 32). KaBHxauHOH- 
Hbie HcnbixaHHH moäcjih npoBo^nx nocjie saBepmeHHH ee sneprexHqe- 
CKHX HCnblXaHHH H nOCTTpoeHHA yHHBepcajibHOH xapaKXepHCXHKH. rio- 
sxoMy BejiHqHHbi oxkphxhh HanpaBJinioinero annapaxa, yrjibi yexa- 
HOBKH jionacxefi h sHaqeHHH m ahhhoh MOAeJin, npH Koxopbix 



Phc. 78. CpbiBHbie KSBHTauHOHHbie xapaKTepncTHKH moäcjih thxo- 
xoähoh pajiHa.ibHO-oceBOH rHÄpoxypÖHHbi. 


ÄOJiJKHbi öbixb npoBe^eHH KaBHxaiiHOHHbie HcnbixaHna, HSBecxHbi. yc- 
xaHOBHB onpeÄCJieHHbiH peiKHM moägjih, HocjieÄOBaxejibHO yMeHb- 
maiox BejiHHHHy KaBHxapHOHHoro KOScjxliHHHeHxa ycxanoBKH Oy äo- 
3HaqeHHH KpHxnqecKoro K03{})(|)HH;HeHxa xypÖHHbi Okp (pnc. 78). Kan 

^ ^ 

CJie^yex h 3 BbipajKeHHH Oy = ——- - , axoro moäho AOcxHqb,. 

HSMeHHH 3HaqeHHe ASBjieHHH Ha Ha cboöoahoh noBepxHOcxH öaKa 
HHJKHero õheOps. saMKHyxoH KaBHxauHOHHOH ycxanoBKH hjih oöecneqHB. 
neoöxoÄHMyio BejinqHHy Hanopa na MOAeJiH. 

KaBHxauHOHHbie HcnbixaHHH MOÄeJieö npn naxypHbix nanopax xpe- 
öyiox ycxanoBKH npHBOAHbix naeoeoB noBbimeHHOH moihhocxh, a 3 xo 
npHBOÄHx K yÄopojKaHHK) xHÄpoxypÖHHHoro cxeH^a. Xt-nn npoBe^eHna 
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ncnHTaHHH npH yMepeHHbix nanopax h MomHocT5ix neoöxoÄHMbie 3Ha- 
ay no^yqaioT sa cqej HSMeHeHHa ÄasjieHHH b saMKHyTofi CHcrcMe 
cTCHÄa. 9TOH uejibK) K öaxy HHMoiero 6be(J)a no;i,KJiioqaK)T BaKyyM- 
HaCOC, KOTOpbIH, yM6Hbina5I ÄaBJieHHCHaÄIIOBepXHOCTblO BO TTbT MeHHCT 
TCM caMbiM ÄaBjieHHe b jiioöoh Toqxe saMKHyxoro CTenna b tom qncjie 
H B noTOKC qepea paöoqee Ko;,eco. Bo H36e*aHHe 
B noTOKe Ha Bxo^e b MOÄejibHbm 6 jiok h HCKaxceHHH BcjieÄCXBHe sroro 
KaBHTauHOHHbix xapaKxepHCTHK moäbjih BejiHqHHa BaxyyMa nojijKHa 
6bixb MeHbuie Hanopa HcnbixaHHH. 

riocjieÄOBaxejibHocxb npoBeAeHHH KaBHxauHOHHbix HcnbixaHHÖ MonejiH 
c^e;iyK)maH [1; 15; 22]. Upn Äocxaxoqno öojibniHX SHaqeHH^T 

OOGCnGqHBaiOIHHX OTPVTPTniro 

—- rvaDniau^nn VCTaHaBJIH- 

BaiOT HeOÖXOÄHMblH peJKHM (fl-o H «/). lloAnepÄHBaH nOCXOHHHbIMH 
Hanop HCHbixaHHH H MOMCHX Ha Bajiy Mo^ejiH, qepes onpeAejieHHbie 



0 '-'-1-^-1_ 1 I T I T T I I 

120 J40 160 180 200 220 .240 260 2ÖQ Ql^/c 

Phc. 79. KpHBbie <^kp~/(^i ) npn n{ = const Mo^e^iH thxo- 
xoflHofi paaHajibHO-oceBofi rHjigjoTypÖHHbi. 


HHxepBaj^i MeHHiox BejiHqHHy BaKyyMa mji cbo6oähoh noBepx- 

HocxbK) 6aiM H^Hero 6be4)a. IIpH kbxaom snaqeHHH //eaK saMepniox 
BejiHqHHH //, Q, n, h xeMnepaxypy boäh b cHcxcMe, BHqncjiHiox 
.SHaqCHHH 'TJ, «J , Gy H SaHOCHX HX B HpOXOKOJI. IlpH XCX iKB SHaqeHHHX 
H Mkp ycxanaBJiHBaiox cjieAyiomyK) BejiHqHHy BaKyyMa, npoBOAHx 
HOBbie saMepbi h BbiqHCJieHHH n x. jx. Ilo nojiyqeHHbiM äbhhhm cxpOHx 
KpHBbie 72 = (oy); n[=^fz (oy); Q{ =f (Gy)—xaK HasbmaeMHe cpbiBHbie 

xapaKxepKcxHKH (pnc. 78). Jlo xex nop, noKa pasBHxaa KaBHxauHH 
B Mo;tejiH oxcyxcxByex, qacxoxa BpaiHeHHH h momchx na Bajiy ne 
MeHHK3XCH, H KpHBaH Tj = / (Oy) HC HMeex HSJIOMa. llpH OHpeAejieHHOH 
BejiHqHHe Gy = Gj HaöJuoÄaexcH na;ieHHe qacxoxH BpameHHH xypÖHHH 
npii xoH jKe HarpysKe na xopMOSHOM ycxpoöcxBe. iXajiBHeHiiiee noBbi- 
m^He BejiHqHHbi BaKyyMa b cHcxeMe BbisbiBaex eme öojibuiee na^eHHe 
x\ l/x MojxejiH. BejiHqHHa Gy, npH Koxopoö HaqHHaexca na^eHHe KO/l,, 
npHHHMaexcH b KaqecxBe KpiixHqecKoro K03^(|)HHHeHxa Mo^ejiH Gkp Ha 
ÄaHHOM peÄHMe. TaKHe HcnbixaHHa h nocxpoeHHH cpbiBHbix xapaKxe- 
pHcxHK BbinojiHHiox ;;jiH pH^a HccjieÄyeMbix pejKHMOB. OnHcaHHaa 
Mexg];HKa npHMeHnexcH ;];ji5i HcnbixaHHH pasjiHHHbix xhhob XHÄpoxypÖHH. 

B cjiyqae pa;;HajibHo-oceBbix hjih nponejiJiepHbix rHApoxypÖHH 
iiocjie HocxpoeHHH cpHBHbix xapaKxepHcxHK H onpeAejiCHHH SHaqeHHÖ 

^60 


Gkd Ha HCCJieÄOBaHHbix pe^HMax cxpoax KpHBbie OKp = f(Q() npH 
rt' = const (pHc: 79). BbinoJiHHH paspesbi sxhx KpHBbix npH noMouiH 

ropHSOHxaJibHbix JiHHHH Onp = coHst, onpeÄBJiHiox SHaqeHHH Q, H n,, 
Koxopbie HaHOCHx Ha yHHBepcaJibHVK) xapaKxepncxHKy; coeÄHHHH tohkh 
paBHbix SHaqeHHH Gkp, noJiyqaiox hsojihhhh Okp = const (pnc. 72). 

JXji5i noBopoxHCjionacxHbix rHupoxypÖHH oÕKeM HcnbixaHHH necKOJibKO 
öoJibiue. B pesyjibxaxe sneprexHqecKHX HcnbixaHHH hsbccxhh komoh- 
HaxopHbie SHaqeHHH oxKpbixHfi h yrjioB q)^^. üpn BbiõpaHHOM yrJie 
ycxanoBKK Jionacxeö (p h necKOJibKHX BejiHHHHax npHBeÄCHHbix 
oöopoxoB, ÄOCxaxoqHO nojiHO oxBaxbmaiomHX ueHxpajibHyio qacxb yHH- 
BepcajibHOH xapaKxepHCXHKK, npn BbiöpaHHOM snaqeHHH n, npoBOK^T 


KaBHXaUHOHHbie HCHblxaHHH npH 
xpex oxKpbixHHx HanpaBJiHioniero 
annapaxa, öjihskhx k HafiÄCHHOMy 
sHaqcHHio a^. Ha ocHOBaHHK no- 
jiyqeHHbix ;];aHHbix äJib Kaxyioro 
yrjia cp cxpoHX KpHBbie cJkp = 
= f (Qi) H HaHOcnx Ha hhx xohkh 

KOMÖHHaXOpHbIX peJKHMOB 

QI), coeÄHHHH Koxopbie nojiyqaiox 
KpHByK) Gkp = f (Qi) KaH^Äoro 

SHaqeHHH n[ = const (pnc. 80). 
PacccKaiox kphbhc Gkp = f{Qi) 

ropHSOHXaJIbHbIMH JIHHHHMH 



Phc. 80- KpHBbie a^p = / (Qf) npn n{ — 

— const moäcjih noBopoTHOJionacxHofi 
rHflpOTypÖHHBI. 


Ka>KÄoro SHaqeHHH Gkp, onpeÄCJiH- 
K>x BCJiHqHHbi Q{ vLn\ H nepeHOCHX hx na nojie xapaKxepHCXHKH. 

CoeÄHHHH XOqKH paBHbIX SHaqeHHH Gkp, CXpOHX HSOJIHHHH Gkp = const 
Ha noJie rjiaBHoö yHHBepcajibHofi xapaKxepncxHKH moäcjih (pHC. /op 


§ 44. HoMemcjiaTypa KpynHbix BepxHKajiBHbix oceBWx 
H paAHajiBHO-oceBbix rHflpoTypöira 

OpHpoÄHbie coqexaHHH pacxoÄa h nanopa b pexax He OÄHHaKOBbi, 
OÄHaKO HS 3X0X0 HC CJie^yeX, qxo äJIB Ka>KÄOH XHKpOSJieKXpOCXaHUHH 
cjieKycx npoeKXHpoBaxb npHxoÄHbiH xojibKO äJib sxhx ycJiOBHH xHn 
FHKPOXypÖHHbl. ZtJIH SKOHOMHqHOrO HCnOJIbSOBaHHH OnpCÄCJieHHblX 
ÄHanasoHOB nanopoB nejiecooöpasHO paspaõaxbieaxb cHcxeMbi h xnnbi 
xHÄPOxypÖHH pasJiHHHbix ÄHaMexpoB H MoiHHOcxeH, xpeõyeMbix b Ka>K- 
ÄOM KOHKpexHOM cjiyqac. CosÄanHbie k HacxoHmeMy BpeMCHH bhcoko- 
sdxbeKXHBHbie oceBbie h paKHajibHO-oceBbie paöoqHe KOJieca na pasHHq- 
Hbie Hanopbi BKJiioqeHbi b oxeqecxBeHHyio HOMCHKJiaxypy xHKpoxypoHH. 

XteficxByiomaH b Hacxonmee BpeMH noMCHKJiaxypa KpynHHX eep- 
XHKaJIbHblX peaKXHBHbIX OCCBblX HOBOpOXHOJIOnaCX^IX (11 j 1) H paAH 
aJibHO-oceBbix (P-O) XHApoxypÖHH cocxaBJieHa^ HpoHSBOACXBeHHbiM 
OÖ-beAHHeHHeM «JleHHHxpaACKHÖ MexaAJinqecKHH saBOA» h UKIH 
HM. H. H. nojisynoBa. CymHOCXb HOMeHKJiaxypbi saKJiioqaexcH b xom. 


6 7-204 
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*iTo ÄHanasoH npHMeneHHH peaKTHBHbix rH^pOTypÖHH no nanopaivi 
//= 3 -^500 jw pasÖHTHa pHAy^acTKOB, KOToptix npHMeHHeTcn nan- 
MeHbinee BosMOJKHoe qncjio HMeiomHXCH (hjih paspaöaTbiBaeMbix) oce- 
Bbix H paAHaJibHO-occBbix paöo^HX KOJiec [ 3 ; 11 ; 23 ]. CBOAHbin rpa(J)HK 
HOMeHKJiaxypbi peaKTHBHbix rHApoTypÖHH (pHC. 81 ), nocTpoeHHbifi b ko- 
opÄHHaTax H — N, nosBOJUieT Bbiöpaxb thh TypÖHHbi Ha saÄaHHbie na- 
nop H Mom,HocTb. KajKAbiH THn paöonero KOJieca HMeex cboh nacTHbiii 



Phc. 81. Cfio^HbiH rpa^jHK oÖJiacTefi npHMeneHHH peaKTHBHbix rHÄpoTypÖHH. 


rpacJiHK, nocxpoeHHbiH xaKJxe b KoopÄHHaxax H — N, r^e Ha saAaHHbie 
Hanop H MOiHHOCTb MO>KHO npeABapHxejibHO Bbiöpaxb ÄHaMexp, qacxoxy 
EpameHHH H Bbicoxy oxcacbiBaHHH rH;i,poxyp 6 HHbi. 

B HOMeHKJiaxype yKasaHbi reoMexpuHecKHe h rHApaBJiiinecKHe napa- 
Mexpbi paöoHHX KOJiec fi/isi pasjiHHHbix HanopoB (ox 3 jip 500 m), xoxh 
paspaöoTKa HeKOxopbix paõoHHX KOJiec eme He saKOHneHa. IloKasaxeJiH 
paspaöaxbiBaeMHX paöoHHX KOJiec yKasaHbi noKa npornosHO Ha ocho- 
BaHHH onbixHbix H pacnexHbix HCCJieAOBaHHH niApoxypÖHH pasjiHHHOH 
ÖblCXpOXOÄHOCXH. 
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ZleHCXByiomeH HOMeHKJiaxypoö npeÄycMoxpeHO npHMeneHHe AeBHXH 
THHOB oceBbix HOBOpoxHOJiOHacxHbix H BocbMH paAHaJibHo-oceBbix pa- 
OoHHX KOJiec (b Hacxonmee BpeMH paspaöoxaH npoeKX hoboh homch- 
KJiaxypbi). rpaHHUbi npHMCHeHHH chcxcm h xnnoB paöoHHX KOJiec no 
HanopaM ycxaHOBJienbi opHeHXHpoBOHHO, hcxoäh hs ÄonycxHMbix h sko- 
HOMHnecKH onpaBAaHHbix bbicox oxcacbiBaHHH h oöecneneHHH npoHHO- 
cxH jionaxoK HanpaBJiniomero annapaxa h Jionacxefi paöonero KOJieca. 
B xaÖJi. 7 npHBeACHbi ochobhbic flaHHbie BepxHKajibHbix oceBbix noBO- 
poxHOJionacxHbix h pajiHaJibHo-oceBbix XHApoxypÖHH oxenecxBeHHOH 
HOMCHKJiaxypbi. Ecjih Ha saÄaHHbiH Hanop bosmoäho npHMeHeHHe pas- 
JIHHHblX XHnOB paÖOHHX KOJieC, CJieAyeT Bblöpaxb OnXHMaJIbHbIH Ba- 
pnaHX, qero onpeAeJiniOT pasMepbi, SKaneHHK KriH k Bbicoxbi oxca- 
CbiBaHHH cpaBHHBaeMbix xypÖHH, nojibsyncb hx yHHBepcajibHbiMH 
xapaKxepHCXHKaMH. TexHHKO-SKOHOMHqecKHH anaJiHS BapnaHXOB 
nosBOJinex Bbiöpaxb onxHMajibHbift XHnopasMep xypÖHHbi. 

OxeqecxBeHHan HOMeHKJiaxypa npeAycMaxpHBaex onpeAejieHHyKD 
MapKHpoBKy rHÄpoxypÖHH, Koxopan yKasbiBaex Ha cHCxeMy h xhb pa- 
öoqero KOJieca b cooxBexcxBHH c HanopoM. HanpHMep, oceBoe noBOpox- 
HOJionacxHoe paõoqee KOJieco 10/592 npeAHasHaneHo Ha MaKCHMaJib- 
HblH Hanop Hmax = 10 M\ eXO HHBeHXapHbIH HOMep 592. IlpHMeHHeMblH 
xHn ycxaHOBKH — BepxHKajibHaa; AHaMexp paöoqero KOJieca xypÖHHbi 
Dl npHHHxo BbipaHiaxb B CM. TaKHM oöpasoM, MapKHpoBKa xapaKxepH- 
syex THn rHApoxypÖHHbi, paöonero KOJieca h ero AHaMexp. HanpH¬ 
Mep, oceBaa noBopoxHOJionacxHaa XHApoxypÖHHa — IlJl 20/661-B-930; 
paAHajibHO-oceBan — PO 115/697-B-750 h x. a- 

ÜHaMexpbi paöoHHx KOJiec HopMaAHSOBaHbi: noBOpoxHOJionacxHbie 
xypÖHHbi HsroxaBAHBaiox c AHaMexpaMH paöoHHx KOJiec = 2,8 -p- 
-V- 10,5 jm; paAHaAbHO-oceBbie — Di = 1,8-i-8,5 jm (xaÖA. 8). 

PasMepbi HanpaBJiHiomero annapaxa h cxaxopa HasnanaioT b saBH- 
CHMOCXH ox BbiöpaHHOH BeAHHHHH AHaMOxpa paöoHero KOAeca. ZIjih 
oöecneqeHHH xpeöyeMbix SHeprexnqecKHx h npoAHOCXHbix xapaKxepH- 
cxHK HanpaBJiHiomero annapaxa AHaMexp pacnoAOHceHHH oceö no- 
Bopoxa JionaxoK Dq h hhcjio jionaxoK Zq iMoryx necKOJibKO HSMe- 
HHXbCH. 

PasMepbi npoxoHHoro xpaKxa oceBbix h paAHajibHO-oceBbix paõo- 
i qiix KOJiec xaK>Ke saAaHbi. OxcxynjieHHH ox HOMHHajibHbix AHaMexpoB 

paöoHHX KOJiec AonycKaioxca b npeACJiax ±3% npn ycjiOBHH coxpa- 
f HeHHH HOpMajiHSOBaHHbix pasMCpoB HanpaBJiHiomero annapaxa h cxa¬ 

xopa. 

rioMemeHHbie b HOMCHKJiaxype yHHBCpcajibHbie xapaKxepHcxHKH 
MOACJieH THApoxypÖHH nojiyqeHbi npH HcnbixaHHH paöoHHX KOJiec b npo- 
xoHHOH qacxH (cnnpajibHaH KaMepa, cxaxop, HanpaBJiaiomHH annapax 
j H oTcacbiBaioman xpyöa) cooxBexcxByK)in,HX pasMepoB h (Jiopivibi. Ecjih 

npoTOHHaa qacxb HaxypHOH rHApoxypÖHHbi (HanpHMep, cnHpajibHaa 
KaMepa hjih oxcacbmaiomaH xpyöa) HecKOJibKO oxjiHnaexcn ox moa^jib- 
HOH, HeoÖXOAHMO npH nOJIbSOBaHHH yHHBepCaJIbHOH XapaKXepHCXHKOH 
(■ moagjih BHocHXb cooxBexcxByiom,He nonpaBKH npH nepecnexe BejiHHHH 

• "«l* cr, Qi, ni HJIH >Ke npoBecxH HOBbie HcnbixaHHH. 

I 

I 6* 


163 








































X 

s 

%o 

a. 

>1 

H 

O 

& 

s 


X 

2 

X 

X 

s 

H 

X 

X 

a> 

a. 

KJ 

V 


X 

X 


o 

«o 

X 

Q. 

2 

a. 

4) 

S 

X 

ex 

« 

c: 


tv 

<3 

cy 


vo 

Q 

K 


o 

u 

o 

CQ 

H c 

ii 

■©" 

■e- 

05 

o 

M 

cwfotu 

cW/H5t 

e: 

o o X 

Šgog 

go^<5 

cQ b; *. 

» O Cl 

^ cr ^ 

C s c 

=r 

HBHSD tJOHdOl 
-BHH 9 KOM HHH 
-aHEdxoD Hdu 

a»HX 

-DHdaXMBdBX 

BOHHOJced ou 

Š Š P 

5E'& 5 
=f m S s 

S o 2 CL 

OQ aS X 

CD^ <i; 

*v^ ts 

* = er 

Oiv 

oiv lö 

Ä 

^ 1 O t) 

3 ^ ü 33 ***-^ 

ffi K S « fc 

S « o fcS 

S cQ e S ^ 

£-C5.3 g S. 

tr >13 “■ 

u!ui I& 

JfBlUIJ, 

to 0 - 

^ fo » 3 ; 

® ^ sc a 

05 u a V 

05 CO COV 

X er 

CL <0 

c 

faSBd 1 

IIJO 1 


^ Bosirox 

OJShOgBCl ySiOBUOIf OlfOH}^ 



aHHSmoHio aoHhoirAig 


*<? 

eiBdBUUB ojatnojKirsBdueH 
eioDisa BBHairaiHooHJO 


3dÄj,eii-MH3WOH OHOBIfJOD 
R 03 i/o>i ojahoged uhi 


nr 


.XEm„_uiuj^ 

OOdoUIiH EHOg 



tv-tv-tvcOCDOOOO 

CDCDCDOOCOrOCOCO 

OcJcJcDOOOOO 


Tj-Tt^Tj-COCOCOCOtDCD 

lO IC lO 05 05 ” " 

tO CD tv tv tvT 


•o 

a 

VD 

Cl 

a> 

o 

Cl 

fö 

a 

«\5 

45 

2 

45 

45 

45 

O 

45 

2 

a 

S 

45 

e 

c 

o 

•s 

o 

a 

S 

o 

Cl 

O 

45 

o 

t: 


CDlDOtOOOlOlDO 
^O500 lOC0 — OOO 
C0C5J<M(MC5!C5!(NCN(N 


OlDOOlQlOOlDO 
OOCDM* — 05tvtvc£)CD 
C0C0CMCD(N(NC5!C5!(N 


ID ID ID 

rfTt<oOOO(NtvCOO 
— OOCOlDrl<CD(N(N(N 

-^oc5oc5oöc5c5 


ID iD »D iD 

CD 00 O O CD (N 
O CO tv CD ID Tl^CO CO 

—-^OCDOCDOCDCD 


OOOOOOOOO 
—ilD — CDT}* — Tj-Tj-CO 
OOOtvrJ-CN'—00500 


OOOOOOOOiD 

lD<D'^'»J<00'^IDtv 

<N-<005tvTj'W — O 
CMCNDI-1 —— 


OOCMOOOC^tviD 
OOCDlD-^COCN — OO 


iDOOOlDlDOCOCOO 
CDiDCOCM—<—OOO 


■^■^■^iDCDtvoOOOOO 


ID C35 
■^n^lD 

COlDtv—-ocDCDtv 

CO CO CO j I I LO CD 

c5cDO<0^fi._l.c5cD 
-ST LO 
<0 <0 C5 


lO LO 

lOLOOOtvtviDLOlD 

T^-^-^vrcococococo 

CSCDCJCJCDCSÖCDCD 


DtO — tv CMDt^CN 
05^CDOO Ti'Ti'<;'r}- 
ID ID CD LD CD CD LO CD 

CiDOOOOCOCD 
—^ — (>5CO-^LDCDtvoO 

c c c; irir c c c c 


OiOOOOOCD C50 
— — OtCOTflDCCtvoO 

I i I ! I I i I I 

COlDOLOOOOlDO 
. CM CO tMD 


CM 'VI ID CD 05 
CO CO CO CiCM 
CDCDOCDCDO^CDCD 

I I I I I I I I 

tvcOCMCD—lOOCDCO 
CMCMCM—t—tCDC^CD 
«ocdcTcdcdcdcdcd 


LO O ID O 05 
COCOCMCMCM—T^O 

I I i I I i i I 

CD ID CM ID —I <50 CD ID 
CMCMCM—^~OCDC5 


OCDC75OO'<T'00lD 
CO-^fCOCO—'00505 


tv tv ID 
COCOCJJCD-^vJiCOCO 
CM—'OOOCOOCS 
<0 O <r5 CJCJ <0 CD C5 


3 

a 

a 

»o 

CL 

l’ 

O 

Q. 

<D 

a 

45 

45 

2 

SP 

45 

45 

o 

t 

o 

a 

.c 

e 

a 

<D 

Q 

O, 


CO <50 ID OO CM CD 
tv-^fcOOCD-^f-^CO 
CM CM —C5 0_CD C5 
0'CDCDC5CDCD05CD 


OOOOOOOO 
t^lDCOlDCMOOOLD 
COCMOCD^ifCMCM — 


8 0000000 
tv ID CO tD CM <50 O 
rJ-cOCMOCD^^CMCM 


<50Tj'CM<D5tviOCMO 

tvtvtvcDCDCOtOCD 


lDC0<50tvCMO<50tv 

tv^^CDCOCDCOlDlD 


lDtDiDLDtv0505 05 

TTTTT7TT 

— —I—COCOCOCOIO 


lD lD cd cm O <50 
COCOCMCM —— — O 
CDCDCDCDCDCDCDCD 


t'- 

CO C50 <05 
<Dt <05 CD tv 

C, CD o o c c 
loid — tvco— OO 
-rj- tv-05 CO '■•r ID 

OOOOOOOO 

CXCL-CLClO-ClClCl, 


LO o o o o o 
IDID — tvco — oo 

•'^tv- iCMCOvTlO 


OOOOOOOO 

CO r -CD CM D- oo 

— — <M CM CO 


J 64 


Ta6AUi{a 8. HopMajiHsoeaHHbie AHaMerpu paõoHHX koacc h napaMeTpbi 
HanpaBAflioiAHX annaparoe xpynHbix BepTHxajibHux rHAporypÕHH 


^HaMCTp 

paöoMero 
KOJieca Dt, 

CM 

rioBopoTHOJionacTHbie oceBwe 
rHAPOTypÖHHbl 

PaflHajibHO-oceBbie rHAPoTypÖHHiJ 

Do, CM 

Do/D^ 


Do, CM 

DJDt 

Zo 

180 




220 

1.22 

16 

200 

_ 

— 

— 

240 

1,22 

16 

225 

.— 

— 

— 

275 

1,22 

16 

250 

290 

1,16 

24 

300 

1.2 

24 

280 

325 

- 1 

24 

335 


24 

320 

370 

- 1 

24 

385 


24 

360 

420 


24 

430 

1.2 

24 

400 

485 


24 

480 

1.2 

24 

450 

525 

1,16 

24 

525 

1.17 


500 

580 


24 

580 

1 

24 

550 

670 


24 

670 


24 

600 

700 

1,16 

24 

700 


24 

650 

750 


24 

750 


24 

700 

810 


32 

810 


24 

750 

875 

1,17 

32 

875 


24 

800 

930 


32 

930 


24 

850 

985 


32 

985 


24 

900 

1050 


32 
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950 

1100 


32 

— 


— 

1000 

1150 


32 

— 



1050 

1200 


32 
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! B nepcneKTHBe b HOMeHKJiaxypy rH^^poxypÖHH öy^yT BKJiioqeHBi 
TaKÄC H Apyrne thobi rHApoxypÖHH: KancyjibHBie, nponejijiepnbie (Hp), 
ÄHaroHaafaHbie noBopoxHOJionacxHbie (ÜOJl) h KOBiiiOBbie (K). 

§ 45. OnpeflejieHHC ochobhbix napaMexpoB HaxypHtix 
rnapoTypÖHH npH noMOiii,H ynHBepcajiBHBix 
xapaKTcpHCTHK Moa;eJieH 

rioJibsyHCb HOMeHKJiaxypoH Kpynabix BepxHKa.nbHbix noBOpoxHO- 
jionacxHbix h pa/i,Ha.nbHo-oceBbix rHÄpoxypõnH, b öojibUiHHCXBe cjiy- 
qaeB npaKXHKH mo>kho Bbiöpaxb xhd paöoqero KOJieca h npoxoqHyio 
qacxb cooxBexcxByiomHX pasMepoB, Koxopbie öyAyx oöecneqHBaxb xpe- 
õyeMbie Momnocxb h xapaKxepHCxnKH xypÕHHbi na saAaHHbie yoiOBHj] 
(nanopbi Hmax, Hmin, Hp, eAHHuqHaa Momnocxb arperaxa). 
f/ B nocjieAHHe toabi paapaöoxanbi õojiee õbicxpoxoÄHbie oceBwe h pa- 

' /i,HajibHO-oceBbie paöoqHe KOJieca na pasjiHqHbie nanopbi, a xanjne co3- 

.j AaHbi noBbie xnnbi xypönn (Kancyjibnue, ;i.HaroHajibnbie noBopoxnojio- 

j nacxnbie n Äp-)- Onn Aonojinniox cymecxByiomyio noMenKJiaxypy n no- 

[ 3B0.J1HI0X Bbiöpaxb npoxoqnyio nacxb, oöecnennBaiomyK) öojiee BbicoKne 

j aneprexnqecKHe n KaBHxaunonnbie noKasaxejin rnApoxypönn npn 
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onxHMajiBHbix T€XHHKO3K0H0MHqeeKHX xapaKxepHCTHKäx THApoarpera- 

XOB H SAaHHH rsc. * * 

OnpeÄeJiHB AHaMexp, CHHxpoHHyio qacxoxy BpameHHa h Bbicoxy 
oxcacbiBaHHH pujia xypÖHH Ha aaAaHHbie ycjioBHH, na ocHOBaHHH anep- 
rexHHecKHX h KaBHxauHOHHbix noKasaxejien, a xaKJKe xexHHKO-aKOHO- < 

MH^ecKHx pacqexoB h cpaBHeHHH XHApoarperaxoB OKOHHaxejibHO bhöh- 
paiox XHH THjipoxypÖHHHoro o6opy;^oBaHH5^ äJih sa^aHHOH FSC. Ecjih 
B HOMeHKJiaxype rHApoxypÖHH HMeexcH JiHuib oaho paöoqee KOJieco Ha 
sa^aHMbie ycjioBH5i, npn onpe^ejieHHH ÄHaMeTpa h tjacTOThi BpameHHH 
XypÖHHbl MOÄHO HeCKOJTbKO H3MeHflXb npHBCÄeHHbie BeJIH^IHHbl pac- 
XOÄa H OÖOpOTOB B pacqCXHOH TOHKe yHHBepCa.IIbHOH XapaKXepHCXHKH. I 

OcHOBHbIMH KpHXepHHMH npH CpaBHeHHH H anaJIHSe BapHaHTOB THÄ- I 

poxypÖHHHoro oöopyÄOBaHHa hbjihiotch: BejiHqHHa MaKCHMa.nbHoro KFIjl 
XHÄpoxypÖHHbi K cxeneHb oxBaxa onxHMajibHofl soHbi na yHHBcpcaJib- ’ 

HOH xapaKxepHcxHKe npH HaMeneHHH pejKHMOB paöoxbi (BejiHHHHa ee 
cpeÄHeaKCHJiyaxaHHOHHoro KO/I); Bbicoxa oxcacbmaHHH h raöapHXbi 
ÖJiOKa (paaMepbi cnHpajibHOH KaMepbi h oxcacbiBaiom.eH xpyöbi), onpe- 
flejiHiomHe oxMexKH sajioxceHHH 4)yHAaMeHXHOH hjihxh h ycxanoBKH I 

xypÖHHbi, a xaKJKe oö^eM seMJiHHbix h öexoHHbix paõox npH coopyx^eHHH 
3AaHHH rSC; ÄHaMexp paöoqero KOJieca h qacxoxa BpameHHH xypÖHHbi, 
BJiHHioui.He Ha raöapHXbi h BecoBbie noKasaxejiH XHÄpoarperaxa. 

HHHce HSjTiojKeHa MexoÄHKa onpeÄCJieHHH ochobhbix napaMexpoB na- 1 

xypHbix THÄpoxypÖHH H HocxpoeHHe Hx SKCHJiyaxauHOHHbix xapaKxe- \ 

pHCXHK [22]. 

HcxoÄHwe AaHHue. TXHanasoH HSMeneHHH Hanopa h ero snaqeHHH > 

{Hpl Hmm, //max); yCXaHOBJieHHaH MOm,HOCXb CXaHHHH H HpeÄHOJia- ^ 

raeMoe hhcjio arperaxoB; oxMexKa ypOBHefi Bepxnero h HHjKHero 6be- 
4 )ob b saBHCHMOcxH ox pacxo^a na FŠC; Apyrne xpeöoBaHHa h ycjioBHH, 
KacaiomHecH KOHCxpyKiiHH, HsroxoBJieHHH H SKCHjiyaxaHHH ^H;^poxyp- 
6 hh h BcnoMoraxejibHoro MexaHHqecKoro oöopyAOBaHHH. 

Ha ocHOBaHHH yKasaHHbix ^aHHbix npH homolhh HOMeHKJiaxypbi Bbi- ' 

ÖHpaiox CHCxeMy h xhh rH;],poxyp6HH hjih me npHCxynaiox k paspaöoxKe 
HOBOH HpoxoqHOH qacxH. 

HcxoÄHfaie xexHHHecKHe Maxepwajibi. FIpu npoeKTHpoBaHHH rn^po- 
xypÖHHbi Hcnojibsyiox pesyjibxaxbi pacqexHbix h HccjieflOBaxejibCKHX 
paöox, HpeACxaBJieHHbix b BH^e: yHHBepcajibHbix xapaKxepHCXHK, no- 
jiyqeHHbix npH HcnbixaHHH pasjinqHbix paöoqnx KOJiec, peKOMen^ye* 

Mbix Ha 3a;^aHHbIe Hanopbi; nyjibcauHOHHbix xapaKxepncTHK paccMaxpH- J 

BaeMbix paöoqHX KOJiec; chjiobbix xapaKxepHcxHK HanpaBJiBiomero 
annapaxa h paöoqero KOJieca (b cjiyqae noBOpOTHOJionacxHOH rH^poTyp- 
ÖHHbi) H oceBoro ycHJiHB, ^eiiCTByiomero na poxop; pasroHHbix xapax- 
XepHCTHK H XapaKXepHCTHK XOJIOCTOrO XOJXSL li JI,p. 

OepeqHCJieHHbie xexHHqecKHe Maxepuajibi Hcno.ibsyiOT npH onpe- 
Äe.ieHHH cjieÄyK)iLi.HX ocHOBHbix napaMexpoB h noKasaxejieH rHÄpoTyp- 
ÖHHHoro o 6 opya,OBaHHH ycjiOBHH npoeKTHpyeMOH F 3 C: ^THaMexpa 
paöoqero KOJieca, oöecneqnBaiOLnero npH sa^aHHOM pacqexHOM nanope 
HOMHHaJIbHyiO MOlUHOCXb XypÖHHbi; CHHXpOHHOH qaCTOTbl BpameHHB 
FHÄpoarperaxa; BejiHqHHbi KFI/I xypÖHHbi npH pasjinqHbix moihhocthx 


H Hanopax; snaqeHHH bhcoxli oxcacbmaHHH xypÖHHbi äjih sajiaHHbix 
pejKHMOB paöoxbi; pasroHHoö qacxoxbi Bpam,eHHH h ocesoro ycHJiHa 
XHÄpoarperaxa, Bbi;taBaeMbix renepaxopHOMy 3aBo;^y npoeKXH- 

poBaHHH renepaxopa h noflHHXHHKa rHApoarperaxa; BejiHHHHbi ox- 
KpbixHH HanpaBJi5nom,ero annapaxa h pasBopoxa Jionacxefi paöoqero 
KOJieca npH pasjiHqHbix pextHMax paöoxbi xypÖHHbi; reoMexpHqecKofi 
(JiopMbi H pasMcpoB CHHpajibHOH KaMcpbi H oxcacbiBaioineH xpyöbi h, cjie- 
ÄOBaxejibHO, raöapHxoB ÖJioKa. 

JXjih ohchkh 3HeproKaBHxaHHOHHbix noKasaxejieö h Bbiöopa xHna 
xypÖHHbi cxpoHx 3KcnjiyaxaHHOHHbie xapaKxepHCXHKH p5I;^a BapHanxoB 
Ha saAaHHbie ycjioBHH, Hanocnx na hhx sohh h npoAOJiJKHxejibHocxb 
paöoxbi H onpcÄejiHiox cpeÄHCBSBemeHHbiH KO/I. 

Bm 6 op CHcxeMBi TypÖHHBi H THna paÕOHero KOJieca 

Bbiöop CHCxcMbi rHÄpoxypÖHHbi H XHHa paöoqero Kojieca oöycjioB- 
jich: MaKCHMajibHbiM HanopoM Ha F^3; ;^o^ycxHMOH bbicoxoh oxcacbi- 
BaHHH; ycjiOBHHMH 3KcnjiyaTaii,HH, saBHcamHMH ox rpa(})HKa narpysKH 
H xapaKxepHsyiomHMH ÄHanasoHbi KOJieöaHHH moiuhocxh h Hanopa; 
KOMHOHOBKOH XHÄpOXeXHHqeCKHX COOpyÄCHHH F3C H 3ÄaHHH; COÄCp- 
JKaHHCM H COCXaBOM HaHOCOB B BOflC H Ap. 

TaK, HanpHMcp, b AHanasoHe HanopoB // = 30 -f-80 jm bo3mo>kho 
npHMeHCHHe paAHaAbHO-occBHx, AHaroHaJibHbix h occBbix noBOpoxHO- 
AonacxHbix XHApoxypÖHH. Ecjih na ESC hmciox mccxo snaqHxejibHbie 
KOAeöaHHH Hanopa h narpysKH, ycxanoBKa noBOpoxHOAonacxHtJx XHApo- 
xypÖHH, KaK HpaBHAo, oKasbiBaexcH öojiee SKOHOMHqHoft. Hpn sxom 
H eOÖXOAHMO, qxoöbi CXOHMOCXB AOnojIHHXCAbHOH BWpaÖOXKH 3JieKXpO- 
SHepxHH 3a cqex ynejiHqeHHH cpeAHesKcnjiyaxanHOHHoro KH /T noBopox- 
HOJionacxHbix xypÖHH öbiJia öojibuie AonojiHHxeAbHofi cxohmocxh xyp- 
ÖHHHOro OÕOpyAOBaHHH H CXpOHXeJIbHbIX paöox no COOpyjKCHHK) 3AaHHK 
CXaHHHH. 


OnpeflCJieHHe ochobhbix napaMexpoB rHÄpoxypöiiHbi 

]. nojibsyncb yHHBcpcajibHOH xapaKxepHcxHKOH moaojih paöoqero 
KOJieca, npHHHToro na saAaHHbifi nanop, Bbiqucjiniox ero AHaMCxp h 3 
BbipaX^CHHH (174) MOIAHOCTH XypÖHHbi 


_Iie_ 

r.ne Qi — npHBe;ieHHbiH pacxo;i b mVc b pac^eTHOH to^kc yHHBepcajib- 
HOH xapaKxepHCTHKu; Np — pacqexHbifi nanop, jm; r)„ — KFITI, Haxyp- 
HOH xypÖHHbi, npHHHMacMbiH T]„ = 0,88 0,9 H noAJiejKaiuHH yxoq- 

HCHHK). 

TXjih paAHajibHo-occBOH rHApoxypÖHHbi BCJinqHHy npHBCAeHHoro 
pacxoAa oöbiqno BbiÖHpaiox na jihhhh orpaHHqcHHH moiahocth yHHBcp- 
caJibHOH xapaKxepHCXHKH. PacqexHan xoqKa HaxoAHXcn Ha ropHSOH- 
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xajibHOH JiHHHH, npoxoAHLueH Ha 3—5 oõImuh Bbime onxHMyMa yHHBep- 
caJibHOH xapaKxepHcxHKH. Rjiü noBopoxHOJionacxHOH rHApoxypõuHbi 
3Ha*ieHHe npHBejieHHbix oõopoxoB npHHHwaiox öojibiiie onxHMajibHofi 
BejiHqHHbi Ha 10—15 oõImuh, nocKOJibKy npHBCÄeHHbie BejinqHHbi na- 
XypHOH XHÄpOXypÖHHbl ÖOJlbHie, qeM MO^e^IbHOH, XaK KaK OXHOCHXeJIb- 
Hbie noxepH sneprnH na HSoronaJibHbix pe^HMax paöoxbi naxypw 
MeHbuie. BejiHqHHy npHBeÄCHHoro pacxojia BbiÖHpaiox b ;iHana30He 

Qrmax - Qlmin (xaÖJl. 7) HCXOÄH H3 yCJIOBHH HOJiyHeHHH HpHCMJie- 

MOH BblCOXbl OXCaCbmaHHH. Oo npHHHXOMy 3HaqeHHK) HpHBefleHHOrO 
pacxo^a BbiqHCJiHiox ÄHaMexp xypÖHHbi h oKpyrjijiiOT ero äo ÖJiHjKaö- 
mero õojibuiero HopMajiH30BaHHoro (xaÖJi. 8). Ecjih nojiyqeHHasi BejiH- 
qHHa AocxaxoqHO ÖJiHSKa k MCHbuieMy HopMajiHSOBaHHOMy AHaMexpy, 
xo MOHCHO npHHHXb 3 X 0 3HaqeHHe. B 3XOM cjiyqae pacqexnaa Momnocxb 
THÄpoxypÖHHbi öyÄex oöecneqena npH necKOJibKO 6ojibuieM 3HaqeHHH 
npHBeÄeHHoro pacxoAa. ZXjih paÄHajibHO-oceBOH xypÖHHbi axo npHBe- 
Äex K HeKOxopoMy yMeHbuieHHK) 3anaca moluhocxh; ji,ji5i noBopoxHOJio- 
nacxHOH FHÄpoxypÖHHbi HeöojibUJoe yBCJiHqeHHe npHBeÄCHHoro pac- 
xoÄa BHOJiHe ÄonycxHMO, ecjiH npHHHMaeMbifi pacxOÄ ne npeBbiuiaex 
SHaqeHHH Qimax, ^/c (cm. xa6ji. 7). Ha^o xaKHce HMexb b BH^y, wo 
nponycKHaa cnocoÖHOcxb Haxypnoö XHApoxypÖHHbi öojibme no cpaB- 
HCHHK) c reoMexpHqecKH hoäoöhoh MOÄCJibKD, qxo oöecneqHBaex ysejiH- 
qcHHe sanaca mou;hocxh. 

2. Knjl HaxypHOH rHÄpoxypÖHHbi t] BbiqHCJisiiox npH noMomn cjie- 
ÄyiouiHx (J)opMyji nepecqexa (cm. § 28): 

npn Hanopax H < 150 m: 

"IfjH — 1 (1 '•Jm) I^/ £)^ > 


npH Hanopax //> 150 m: 


TJh = 1 — (1 — TJm) 



TIjih y^oöcxBa nojibSOBaHHH 3 th ^opMyjibi npeACxaBJieHbi b bhac 
cneHnajibHOH HOMorpaMMbi nepecqexa KOZl c moäcjih Ha naxypy (pnc. 
54). Hhäc npHBOÄHTCH nopa^OK nepecqexa KnjX >KecxKOJionacxHbix 
H noBopoxHOJionacxHbix xHÄpoxypÖHH. 

PaÄHajibHO-occBbie h nponejuiepHbie oceebie rHÄpoxypÖMHbi. Snan 
MaKCHMaJIbHHH KOXl MOäCJIH -rjM max, OnpeÄCJlHIOX MaKCHMaJIbHbIH Knjl, 
HaXypnOH XypÖHHbl TJh max- OÖbiqHO paSHOCXb TJh max — '•]m max = At] 
npHHHMaiOX OÄHHaKOBOH BCCX pC^IIMOB, B XOM qHCJIC H 

pacqexHoro pexKHMa. Torj^a Kn/l naxypnon xypOnnbi Ph — tJm + At]. 
BbiqHc.xeHHoe SHaqcHne t]h iiOACxaBJiaiox b cJjopMy.ny (174) n yxoqHBiox 
BCJiHqHHy npiiBeAeHHoro pacxoAa, npn KOXopoM xypõiiHa pasBnsaex 
pacqexnyio Momnocxb. 

rioBopoxHOJionacxHbie rHApoxypÖHHbi. Ha jihhhh yrjia (p = const, 
npoxoÄHu;eH qepea pacqexnyio xoqxy, Haxo^nx MaKCHMa.xbHoe snaqeHHe 
KUJX MojiejiH TjMmax, HO KoxopoMy onpcAejiHiox KUJl XypÕHHbl irjHmax 
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npHHHxoro ii.HaMexpa h BbiqncjiHiox nonpaBKy na KH^I, At] = 
I = max. HaH^eHHyio nonpaBKy Akj npHHHMaiox nocxoHHHoö 

xoJibKO RJia ÄaHHoro yrjia ycxanoBKH Jionacxefi n BbiqHCJiHiox ¥JIR 
HaxypHOH xypöHHbi b pacqexHOH xoqKC tjh = '•Jm + Atj. o^pe;^eJIe- 

HHH KH/l xypÖHHbi Ha pa3JiHqHbix pencHMax paõoxbi aHaJiornqHO 
HaxoflHX SHaqeHHH tjm max H HonpaBKH Ayj Ka^Äoro yrjia ycxanoBKH 
Jionacxefi paõoqero Kojieca. 



3. ripHHHB BejiHqHHy npHBeÄeHHBix oöopoxoB B pacqexHofi xoqKC 
yHHBepcajibHofi xapaKxepHcxHKH, BbiqHCJiniox qacxoxy BpameHHH xyp¬ 
ÖHHbi 

« = CÕ/MUH. 


Ecjih BCJmqHHa cpeAHeBSBemeHHoro Hanopa /fcp. bsb hc saAsna, noA- 
cxaBJiHiox pacqexHbifi nanop Hp. OpHneACHHoe qncjio oöopoxoB Haxyp- 
Hofi xypÖHHbi B pacqexHofi xoqKe paBHo: R Ani . üonpaBKy 

An\ onpeACJiHiox a^ih onxHMaJibHoro pen^HMa h npHHHMaiox nocxouHHofi 
AJiH Bcex xoqcK yHHBepcajibHofi xapaKxepncxHKH (cm. ypasHe- 
HHC (178)): 



Ecah nonpaBKa An^ MeHbuie 3% ox BeJinqHHbi eio npene- 

öperaiox. HafiACHHoe 3HaqeHHe n, oõImuh, OKpyxAHiox ao ÖJiH>Kafimero 
öojibuiero CHHxpoHHoro (xaöji. 10). CHHxpoHHan qacxoxa BpameHHH 

xHApoarperaxa, oöecneqHBaiomaH xpeöycMyio qacxoxy xoKa / = ^ = 

— 50 eepi{ npH cooxBexcxByiomeM qncAe nap hoaiocob p renepaTOpa, 
paBHa: 



oõImuh. 
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Taõnuufl 10. CHHxpoHHaH HacTora BpameHHH rHÄpoarperaroB (f = 50 zepv,) 


noJiiocoB 


qaCTOxa 






Bpaix;eiiH5i 

OÖfMUH 

p 

oö/muh 

P 

OÕjMUH 

P 


1000 

750 

600 

500 

... »rfl^8,6 

7^' ,375 
r= (333,3) 
300 
272.6 
250 
(230.8) 


28 

(30) 

32 T 


-.,214.3 

v(200) 

" 187.5 
166,7 
(157,8) 
150 

136.4 

130.4 
125 

( 120 ) 

115.4 


56 

60 

64 

68 

72 

(74) 

(76) 

80 

(84) % 

88 n 

92 


107,1 
100 
93,8 
88,2 
83,3 
(81) 
(78,9) 
.■;r 75 
(71,4) 
- 68,2 
65,2 


n, 

OÖfMUH 


ripHMeqaHHe. B CKOÖKax ynaaaao qHCJio nojiiocoB, HeÄejiaxejibHoe c xex- 
HOJiorHqecKofi totoh speHHH, 


JXjm oucHKH npaBHJibHOCTH Bfaiöopa BejiHqHH AHaMexpa h qacTOXbi 
BpameHHB XHÄpoxypÖHHbi Ha nojie yHHBepcajibHofi xapaKxepHCXHKH 
moäcjih HaHOCHX xoqKH, onpeÄeJiaeMbie snaqeHHHMH npHBCÄeHHbix 

nDj 

ri.oö/Ki/H O zpmmBm woüjwicmüfgycfnwKawa/iwBi seJlHqHH. ■ » 


BejinqHHi 


I max 


^ °^ cooT- 

v( \A BexCXByiOmHX MaKCHMaJIbHOH H 

go MHHHMaJifaHOH MoumocxHM xyp- 

1 I ÖHHbl npH MaKCHMaJIbHOM H MH- 

70 HHMajifaHOM HaHopax (pHC. 82). 

\\y / Ecjih ueHxpaJibHan aona yHH- 

go . BepcaJIbHOH XapaKXepHCXHKH 

J oxBaqena Äocxaxoqno hojiho, 

_E [ .1_^ Bbiöop ÄHaMexpa h qacxoxbi 

s ^eö%--p- 4 1, BpameHHa c^ejiaH npaBHJibHO. 

/,p | ° I P I I *^1 B npoxHBHOM cjiyqae hcoöxo- 

800 soo 1000 1100 1200 1300 Qiji/c ;^hmo sa^aTbCH ÄpyrHM jxua- 

an -D ^ MexpoM HJiH npHHBXb Äpvryio 

Phc. 82. Bbioop ÄHaMerpa h qacTOXbi Bpa- ^ ^ 

menHH xHjupoTypöHHbi Ha sanaHHbie ycjioBHH qacxoxy EpamcHHa. ÜKOHqa- 

(na yHHBepca.iibHOH xapaKxepHCTHKe ynasaKbi xeJIbHOe cyÄJieHHe O npaBHJIb- 

SHaqeHHB äjib MoaeJiH Dj = 460 mm). hocxh Bbiöopa napaMexpOB xh;!,- 

poxypÖHHbi Mo>KHO CAeJiaxb 
jiHLUb nocjie nocxpoeHHH SKcnjiyaxauHOHHOH xapaxxepHCXHKH h hoä- 
cqexa ee cpe;i,He3Kcnjiyaxau;HOHHoro KFIJI^. BapnaHx XHÄpoxypÖHHHoro 
oöopyAOBaHHH, oöecneqHBaiomHH MaKCHMaJibHyio BejiHqHHy cpeAnesKC- 
njiyaxaiiHOHHoro KFI/I., cqnxaexcH onxHMaJibHbiM. 





t 

-cfe 


Phc. 82. Bbiõop ÄHaMerpa h qacTOXbi Bpa- 
menHH xHJupoxypÖHHbi Ha sanaHHbie ycjiOBHH 
(Ha yHHBepca.iibHOH xapaKxepHCXHKe ynaaaHhi 
SHaqeHHB äjib MoaejiH = 460 mm). 
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4. Ä-HH npHHHxoR pacqexHOH xoqxH aa yHHBepcajibHofi xapaKxepH- 
cxHKe moäbjih HaxoÄHX SHaqeHHe ctm, npH noMoiRH Koxoporo BbiqHCJiaiOT 
Bbicoxy oxcacbiBaHHH xypÖHHbi Ha AaHHOM pexiHMe: 


ff,^Na — Ha — ((J^ + Ao)Np— ^ . 


t)w7U 


^ 3 s 4 I) 


I 


ÄHajioxHqHO onpeAeJiHiox Bbicoxy oxcacbmaHHH ;uih ocxajibHbix pe- 
xiHMOB paöoxbi (cm. § 32). FIonpaBKa Aa yqHXbiBaex pocx KaBiixau,HOH- 
Horo K03(|D(|DHUHeHxa xypÖHHbi npH yBejiHqeHHH ee )^HaMexpa, a xaKHte 
HCKOxopoe oxjiHque npoxoqHofi qacxH HaxypHofl xypÕHHbi ox Mo^ejiH. 

HaHÖojibuiee SHaqeHHe bbicoxbi oxcacbiBaHna nojiyqaiox, Kan npa- 
BHJio, npH pacqexHOM nanope, Kor;i,a pacxo^ h CKopocxH noxoKa b npo- 
xoqHOH qacxH HanöoJibiiiHe. 0,n,HaKo äjih onpe;i,ejieHHH oxMexKH xyp¬ 
ÖHHbi, npH KoxopoH pasBHxaa KaBHxauHH oxcyxcxByex na Bcex pexiHMax 
paöoxbi, Haao HafixH pHÄ BejiHHHH Hs n Bbiöpaxb HaHMeHb- 

myio H3 HHX (cm. § 32). OxMexKa HHjKHero 6he^a V^hö ä-hh paccMax- 
pHBaeMoro pe>KHMa onpeAejiHexcn no KpHBofi = f (Q) ä-hh hs- 

BecxHoro pacxo^a na FSC. Oöbihho onpeAejiaiox oxMexKy HHxcHero 
6be(pa, cooxBexcxByiomyio MHHHMajibHOMy qncjiy paöoxaiomHX arpe- 
raxoB rSC. BbiqHCJieHHaa flonycxHMan Bbicoxa oxcacbmaHHH oTTx.n anx.T - 
BaexcH ox MHHHMaJibHofi oxMexKH HHHCiiero öbeijia. üojiyqeHHaH oxMexKa 
OKOHqaxejibHo (JiHKCHpyex nojiojKCHHe xypÖHHbi no oiHomeHHio k hhjk- 
HCMy öbeijDy. 

5. PasroHHaa qacxoxa Bpaii;eHHH arperaxa saBHCHx ox XHÄpaBJiH- 
qecKHx xapaKxepncxHK paöoqero KOJieca h MaKcnMajibnoro nanopa 
xypÖHHbi. npHBCÄeHHbie pasroHHbie oöopoxbi moäcjih n'ip onpe^ejiHiox 


npH noMoiRH cneuHajibHbix HcnbixaHHH, no KoxopbiM BbiqHCJiniox pas- 
roHHyio qacxoxy BpameHHH HaxypeoH xypönHbi: 



(273) 


6. OceBoe ycHjine, BOcnpiiHiiMaeMoe noAnnxHHKOM rHflpoarperaxa, 
onpeÄejiaexcH no 4)opMyjie 


oc. rn;3;p i 


(7 — KocDj^Hmax “h El ((7p. K 


+ Gp.r), (274) 


rAe Koe —K034)4)HUHeHT THÄpaBJiHqecKoro oeeBoro ycHJiHn; Gp.K — 
Bec paöoqero KOJieea; Gb. a — Bec Bajia arperaxa; Gp. r. — Bec poxopa 
rH^poarperaxa; 1,1 — K03(J)(J)nixHeHT, yqHTbmaioiuHH Bec nponiix spa- 
maiomHXca qacxeft xypÖHHbi h renepaxopa. 

SHaqeHHH paSrOHHOH CKOpOCXH H K03(J){jDHU,HeHXOB OeeBOrO yCHJIHH 
HOMeHKJiaxypHbix paöoHHX KOJiec onpejiejieHbi aKcnepHMenxajibHO h npH- 
Be;i,eHbi B xaÖJi. 7. B nponeeee npoeKXHpoBaHHH SHaqeHHH iip h Pqc hc- 
nojibsyiox khk Ä-na pacqexoB Ha npoqnocxb caMOH rn^ipoxypÖHHbi, xaK 
H ;iJiH npoeKXHpoBaHHH rHAporenepaxopa h noAnaxuHKa. 
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§ 46. IIocTpoeHHe aKCii-TyaTaHHOHHMx xapaKTepscxKK 

THvipOiypÕHH 



SnepreTHqecKne h KaBUTamioEHhie KaqecTBa Haxypscž t;o:eeh 
H a paajiHHHBix pejKHMax paöoTH iipe;iCTaBJiHK)T b Bior sKCEiT-aia- 
UHOHHOH XapaKTCpUCTHKH. SKCILlVaTaiiEOHHyiO XapaKTcCZCTEE} r>p- 
6HHbi cxpoHT, no-XbsyHCb yHHBepca.xbEOH xapaKxepHcrz:soE rej^vie 
xpnqecKH noAOÖHOH MOAenii. Ona HB-iEeicH BajKHbiM ÄOxr*'wcETDii- npH 
noMomH Koxoporo ocymecxBJinexcs KOEipojib sa npaBHZESoE ~s::z^y- 
axauHefi xypÖHHbi Ha r3C. 

nOpHAOK nOCXpOCHHH .BHHHH paBHfalX Kfl^ Tj = CXKIS. 1 . 

ÄCJIHIOX MaKCHMaJIbHbIH KUJX Hax>'pHOH xypÖHHH, no.z^.-ccb zpzEe- 
ÄeHHbiMH (JxDpMyjiaxiH HJiH HOMorpaMMOB nepecqexa KlXi c Monezz na 
HaxypHyK) xypÖHHy. 

2. rio HaÖÄeHHOMy MaKCHMajibHOM}^ KTlü ly^pönHbi h Ee- 

JIHqHHe T]Mmax MOÄCJIH BHqHCJIHIOX nOnpZBKy At, 1, KOTCCZS yZTZZHO 
npHHHMaeTCH nOCXOHHHOS Bcex XOqeK yHHBCpcaJIbEDZ X£pZt,-:pE- 


CXHKH. • . 

3. CxpoHX paöoqHe xapaKxepHCXHKH HaxypHOfl xypõ^H T =‘lAj 
ÄJiH pas/mqHbix HanopoB (Hmax', /^c?. esbI /^min) npz uozrr^szce 
qacxoxe BpameHHH. üjih Käsmoro Hancpa BbiqHC.T5uox szzq^Bf 

Be^eHHoro qHCJia oõopoxoB n\^ — h na ^HBepcaJizE^io issre- 

pHCXHKy MOÄeJIH HaHOCflX ropHSOHxa-TbHHe jiHHHH-paspesK 

— Atij, B ToqKax nepeceqeHHH jmHHH nj' = const c zzEssas: ^ji = 

= con st (paÄHaJibHO-oceBbie h iiponejuiq)Hbie x>'p6hhh) eiz c 

(p = const (noBopoxHOJionacxHbie x\-p6HHH) onpejieJiHiOT zps- 

Be^cHHoro pacxo^a h sanHCbiBaiox hx b xaÕJi. 11, 1— Bhehlisgi 

Knjt H MomHOCxb rHÄpoxNpÖHHM B yKBsaHHbix xoqKax. 

Ha ocHOBaHHH noJiyqeHHbix aa HHHx KajKiioro Ezzopa ciposT 
paöoqHC xapaKxepHCXHKH (piic. 83 ). 


TaÕAUUfl 11. AaHHue a.iii nocTpocHtis pa6oMHX xapaKTeptrr®. 

paÄHa.ibHO-DceBoi rHj[pOT>T>6HHbi 


Paõoqee Ko.ieco xHna PO—; r; = —oz m-- 
Hanopw 
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4 . PacceKaiox paõoqHe xapaKxepHcxHKH ropHSOHxajibHbiMH jihhh- 
HMH T] = const, npoBCÄeHHbiMH qepes HHxepBaji 1 %. ToqKH paBHbix 
KHÜ, nepcHOCHx na nojie SKcruiyaxauHOHHOH xapaKxepHCXHKU h coe/iH- 
HHiox njiaBHbiMH KpHBbiMH, B pcsyjibxaxe nojiyqaiox jihhhh paBHbix 
Krm T] = const (pHC. 87 ). 



Phc. 83. Pa6o4He xapaKxepHCTHKH paÄHajib- Phc. 84. BcnoMoraxe.abHafl 

KO-oceBofl PHÄpoxypÕHHbi PO75/702-B550; Kpvi^asi = f {H). 

tl = 107,1 oõ/muh. 


JXji^ onpeÄCJieHHE BCJiHqHH nanopoB, npH Koxopbix hmccx mccxo 
isaMbiKaHHe» KpuBbix Tl — const, cxponx BcnoMoraxejibHyio KpHByio 
^max — f (H) (pnc. 84 ), npH noMoipH KoxopOH HaxoÄHx sejiHqHHbi 
Hma\ H //min, cooxBexcxBytomiie paccMaxpHBacMOMy snaqeHHio tj (na 
pHC. 84 B KaqecxBC npnMepa noKasano HaxoJKZLeHne BCJiHqnH //max 
z //min ÄJifi 7 ] = 94 %). npoBeTiB Hs nojic N — H ropHSOHxajibHbie 
.'.HHHH //max H //min, COOXBCTCTByiOIITHe i],aHHOMy KUJX, «SaMbIKaiOX» 
■iiiHHio Tl = const [ 22 ]. 

riocxpoeHHe jihhhh paBHbix bmcox oxcacbiBaHHH Hs = const. 
B ToqKax nepeceqeHHa ropHSOHxaJibHbix jihhhh/zim = const cjihhhhmh 
I] = const yHHBcpcaJibHOH xapaKxepncxHKH moäcjih (paAHajibHo-oce- 
BHC H nponejiJiepHbie xypÖHHu) hjih jihhhhmh q) = const (noBopoxHO- 
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jionacTHbie, xypÖHHbi) onpCÄejiHiOT TaKÄC eejiHqHHbi Gm, KOTopbie sa- 
HOCHT B pacqexHbie xa6jTHiJ.bi (xaÖJi. 11 jXJin >KecxKOJionacxHbix h xaÖJi. 12 
ÄJiH noBopoxHOJionacxHbix xypoHH). Oo usBecxHbiM BejiH^HHaM KaBH- 
xauHOHHoro K03(J)(J)Hu;HeHxa MOziejiH Om BbmHCjiHiox Bbicoxy oxcacbmaHHH 
Ä.n5i pasjiHqHbix pe^HMOB npn äbhhom nanope. Ha ocHOBaHHH nojiy^eH- 
HblX ÄaHHbIX CXpOHX KpHBbie Hs = f {N) AJIH SaAaHHblX HanOpOB (pHC. 
85). PacccKaH KpHBbie Hs = f {N) ropHSOHxajibHbiMH jihhhhmh qepes 
HHxepBaji 1 My HaxoÄ^x BejiHHHHbi MoiuHOCxeH npH pasjiHqHbix Hanopax, 
äJih Koxopbix Hs = const. HojiyqeHHbie xohkh nepenocHx Ha noJie skc- 
njiyaxauHOHHOH xapaKxepncxHKH h cxpoHx KpHBbie Hs = const. Sna- 
qeHHe Bbicoxbi oxcacbmaHHH npn pacnexHOM pejKHMe (A^p, H^) onpe- 
ÄGJinex oxMexKy ycxaHOBKH xypÖHHbi. 



Phc. 85. KpHBMe Hg = f {N) paana^ibHo- Phc. 86. K nocxpoeHHio jihhhh orpa- 
oceBofi rHiQjoxypÕHHbi PO75/702-B550; n = HHqeHHB moihhocxh xypÖHHbi: 

= 107,1 OÕJmuH. 1 — orpaHHqeHHH MOinHOCTH no renepaTopy: 

2 — orpaHHieHHH mobuhocth no xypõHHe; 
3 — npefleJibHan MOUtHocTb TypÖHH. 


IlOCTpOeHHe JIHHHH OrpaHHHeHHH MOIUHOCTH THÄpOXypÖHHbl [22]. 

JIhhhh orpaHHHeHHH Mom,HocxH cocxoHx H3 Äsyx yqacxKOB: BepxHKajib- 
Horo H HaKJioHHoro (pHC. 86, 87). BepxHKajibHbifl oxpesoK AB — ox 
pacqexHoro äo MaKCHMajibHoro nanopa (xoHKa ^4 ) — npe;icxaBJi5iex 
OrpaHHHeHHe MOIHHOCXH XypÖHHbl no BblÖpaHHOH HOMHHajIbHOfi MOIH,- 
HocxH FHÄporeHepaxopa. HaKJioHHbifi yqacxoK — ox pacnexHoro ;io 
MHHHMaJibHoro Hanopa (xoHKa C) — 3xo orpannneHHe MomHocxH cawoH 
XypOHHbI. <I>OpMa JIHHHH OrpaHHHeHHH SaBHCHX ox XHHa rHÄpOXypÖHKbl 
H npeÄMBJineMbix xpeöoBaHiiH oöecneqeHHa ee öecKaBHxamioHHOH pa- 
6oxbi npH pasjiHHHbix nojiojKeHHHX HHJKHero öbeijia. 

PaÄHajibHO-oceBbie h nponejijiepnbie rnj^poxyp- 
6 H H bi. C>opMa HaKJioHHoro yqacxKa jihhhh orpaHHqeHHH onpeÄejiaexcH 
JiHHueH paBHoro oxKpbixHH HanpaBJiHiomero annapaxa ao = const, npo- 
xo;i,Biii,eH qepea pacqexHyio roHKy, hjih jiHHHefi orpaHHqeHHB mouj,hocxh, 
HaneceHHOH Ha yHHBepcajibHOii xapaKxepncxHKe moac.ih. Momnocxb, 
pasBHBaeMyio xypÖHHOH npii MHHHMajibHOM Hanope, BbiHHCJiHiox cjie- 

AyiomHM oöpasoM. OnpeÄCJiHiox BejiHHHHy saxeiM 

^ l' ^min 

(^iM)max ~ ^ SHaHCHHe Qi, M^ic B xoHKe HepeceqeHHH 

JIHHHH («iM)max ~ COHSt C JiHHHefi Öq = COnst HJIH JiHHHefi OrpaHHHe- 


HHH MOIHHOCXH MOÄCJIH. BblHHCJIHIOX MOIIl.HOCXb HaxypHOfi XypÖHHbl npH 
MHHHMajibHOM HaHOpe 7/min' N = 9,81D^Qi 7/min VHraixx T], i^em. 
CoeÄHHHH xoHKH {Np\ 7/p) H {N\ 7/min) np5iMofi JiHHHefi, HOJiyqaiox 
yqacxoK BC jihhhh orpaHHneHHH mouihocxh xypÖHHbi (pHC. 86, 87). 

noBopoxHOJionacxHbie rHÄpoxypÖHHbi. OoJiOÄeHHe pe- 
ryjiHpyroiHHX opranoB xypÖHHbi (oxKpbixne JionaxoK HanpaBJiniomero 
annapaxa h ycxanoBKa Jionacxefi paöonero KOJieca) h ocHOBHbie napa- 
Mexpbi MacjiOHanopHofi ycxanoBKH (MHY) saBHcnx ox Bbiöopa pacnex- 
Horo peiKHMa. 



Phc. 87. SKcnjiyaxauHOHHaH xapaKxepncxHKa pajiHajibHO-oceBOH rimpoxyp- 
ÖHHbi PO75/702-B550; N = 160 Menv\ n= 107,1 oõJmuh. 


SnaneHHe oxKpbixHH nanpaBJiHiomero annapaxa naxypnofi XHApo- 

D z 

xypÕHHbi äjih pacqexHofi xohkh —22-22L oöbihho coxpanniox 

/^Om ^Oh 

nocxoHHHbiM npii HSMeneHHH nanopa ox 7/p jip 7/min- TaKHM oöpasoM, 
SHaneHHe npHBeneHHoro pacxo^a ä-hh MHHHMaJibHoro nanopa onpeÄejiniox 
B xoHKe nepeceqeHHH ropnsoHxaJibHofi jihhhh (/^i^j)max’ jihhhh 

ao = const, npoxonamefi qepes pacqexnyio xoHKy. Ho HafiACHHOMy 
SHaqeHHK) Qj, m^[c, BbiHHCJiniox moiiihocxb npii MHHHMajibHOM Hanope 

N = 9,81DlQi'7/min V 7/min TfJ- 

Bo3MO>KHbi H npyrae cnocoöbi [22] nocxpoeHHH HaKJiOHHoro ynacxna 
JIHHHH OrpaHHHeHHH (pHC. 86). 

1. ypoBeHb HHÄHero öbeijia PSC npaKxnqecKH nocxoHHen. B sxom 
cjiyqae orpannneHHe mouihocxh xypÖHHbi AHKxyexcn coo6pa>KeHHHMH 
öecKaBHxauHOHHofi paöoxbi npn nanopax, MeHbiuHx pacuexHoro. 
HaKJioHHbifi yuacxoK jihhhh orpannueHHU onpeACJinexcH (popMofi KpH- 
Bofi ÄonycxHMofi Bbicoxbi oxcacbiBaHHH 77sfl = const, npoxo;i,Hiii.eH nepea 
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TOMKy paOTCTHOH MOIHHOCTH. IlpH 3T0M/IJlfl BCeX peJKHMOB ;^O^yCTHMa^^ 
BHCOxa OTcactiBaHHH He npeBbimäeT (})aKTHH-ecKyK) BejinqHHy, Hsn > 

2. ypOBCHb HH^HerO 6be(|)a MHHHMajIbHbIH H3 Bcex BOSMOJKBblX; 
Bbicoxa oxcacbiBaHHH h OTMexKa xypÖHHbi onpeAejienbi hcxoah h3 sxhx 
ycjioBHH. npH noBbimeHHH ypoBHH HHJKHero 6be(Jia (JjaKXH^ecKaB Ebi- 
coxa oxcacbiBaHHH yMeHbmaexcfl no cpaBneHHio c ÄonycxHMofi, »ixo nos- 
BOJinex yBCJiHqHBaxb Momnocxb xypÕHHbi jip xex nop, noKa ne nacxynnx 
paBCHCXBO Hsfl, = Hs^ (KpHBaE II). 

3. ypoBeHb HHjKHero 6be(J)a FSC nnme BbiöpaHHoro pac^qexnoro, 
ÄJiH KOToporo o^pe;^eJIeHa oxwexKa xypÖHHbi. 3 to mojkbx HMexb wecxo, 
nanpHMep, b nepHOÄ HanojineHHH BOÄOxpaHHjiHma, Korjia nonycKH 
BOÄbi B HHHcneM 6be(J)e MHHHMa;ibHbi- JXjir xoro qxoõbi oöecneqnxb 6ec- 
KaBHxaiiHOHHbie pexiHMbi, xo ecxb EbinojinenHe ycjiOBH^ Hs^ = //««» 
MomHOcxb xypÖHHbi cjie^yex yMenbniHXb (jihhhh III). 

04)opMjieHHe SKcnjiyaxauHOHHOH xapaKxepHcxHKH. SKcnjiyaxauHOH- 
Haa xapaKxepHCXHKa BKJiioqaex cjieÄyioiii.He ÄanHbie: rnn xypÖHHbi 
H Ha3BaHHe FSC, ä-he ycjiOBHH Koxopofl ona nocTpoena; qacxoxa Bpa- 
meHHH H ÄHaMexp xypÖHHbi; xhh cnHpajibHofi KaMepbi u KOJiena oxca- 
cbiBaiomeH xpyöbi, hx oxHOCHxejibHbie paaMepbi; noMep yHHBepcajib- 
HOH xapaKxepHCXHKH ycjiOBHaa oxMexxa, ox KOXopoH oxcqHXbi- 

BaexcH Bticoxa oxcacbmaHHa; ÄonycK na KOj].. 


HacT b n 

FHAPOMEXAHHHECKHE PACHETW 
H BLIBOP nPOTOHHOK HACTH 
^H;^PABJIHHECKHX TyPBHH 

rjiasa VI. PACHET PABOHHX KOJIEC 
PAJIHAJItHO-OCEBOrO THHA 

§ 47. Merojlbi pac^exa JionacxHbix chctcm 

peaKTHBHbIX THJipOTypÖHH 

ZIjib pacqexa jionacxHofi CHCTeMbi h npoeKxnpoBaHH^ paöoqero ko- 
Jieca Heo6xoÄHMo 3aÄaxbC5i pacqexHbiMH napaMexpaMH (Qi, /il), (pop- 
MOH nOJIOCXH xypÖHHbi H npHMeHHXb cooxBexcxByiomHH MeXOÄ npO(J)H- 
JiHpoBaHHH JionacTH. BaaHMHas CB5i3b hcxoahmx pacqexHbix napaMexpoB 
H HX BJiHHHHe Ha (Jx)pMy npocKTHpyeMOH JionacxH HsyqcHbi eme ne- 
ÄOCxaxoqHO. ripHHHTbiH MexoÄ pacqexa jionacxHofi CHCxeMbi paöoqero 
KOJieca öy^ex s^xJieKXHBeH xojibKO b xom cjiyqae, ecjiH ncxoÄHbie pacqex- 
Hbie napaMexpbi h rpanHqHbie ycjioBHH na Bxo^e h BbIXo;^e H3 paöoqero 
KOJieca BbiöpaHbi Aocxaxoqno oöocHOBano. IloaxoMy paspaöoxKa Bbi- 
coKoaiJxjDeKXHBHoro paöoqero KOjieca na saÄaHHbie napaMexpbi b SHaqn- 
xejibHOH Mepe saBHCHX ox onbixa pacqexqHKa h SKcnepHMeHxajibHbix 
MOÄH4)HKai];HH. 

npo(J)HjiHpoBaHHe JionacxH paöoqero KOJieca rHApoxypÖHHbi cocxoht 
B npaKXHqecKOM pemeHHH oöpaxHofi aa^aqn Ha aa^aHHbie pacqexHbie 
napaMexpbi (cm. § 16). CoBpeMCHHbie HHXienepHbie Mexoflbi pacqexa 
jionacxHOH cHcxeMbi npoeKXHpyeMoro paöoqero KOJieca ocHOBaHbi Ha 
HocjieÄOBaxejibHOM npHMeneHHH oöpaxHOH h npHMOHsaAaq (§ 14—16). 
Flpn noMoiHH oöpaxHofi saÄaqn onpeACJiHiox 4)opMy jionacxH; pemeHHe 
npHMOH sa^aqH Aaex eosmo^hoctb pacqexHbiM nyxeM oueHHXb BapnaHTbi 
JionacxHbix CHCxeM h oxoöpaxb äJih HsroxoBJieHHH h HcnbixaHHH Jiyq- 
mne paöoqne KOjieca. TaKofi no^xo^ k paspaöoxxe hobhix paöoqnx ko- 
jiec nosBOJiHex SHaqnxejibHO yMeHbUJHXb qncjio HcnbixbiBaeMbix moäcjich. 

OöpaxHaH aaj^aqa HMeex äbc nocxaHOBKH: 

1. MepHAHajibHbiH hotok b hojiocth xypÖHHbi h pacqexHbie Be- 
jiHqHHbi pacxo^a h oöopoxoB npHHHXbi. B xo^e pacqexoB onpe^oJiniOT 
(J)opMy jionacxH h pacnpeÄCJieHne MOMeHxa CKopocxH b dojiocth paöo¬ 
qero KOJieca. npHHHTbie ocecHMMexpHqnbie noBepxHocxH xoKa äo-^ähbi 
oöecneqHBaxb nJiaBHoe coeÄHHeHne noxoKa b paöoqeM KOJiece c noxo- 
KaMH AO H nocjie nero. 

2. Sa^aHO pacnpeAOJieHHe MOMenra CKOpocxH b hojiocxh paöoqero 
KOJieca H pacqexHbie napaMexpbi; b xoac pacqexoB onpeACJiniox noBepx- 
HOCXH xoKa H (jK)pMy JionacxH. B KaqecxBe nepBoro npHÖJiHXKeHHH mo»:ho 
npHHHXb HOxeHUHajibHbiH MepHAHajibHbiH noxoK; b AajibHeHuieM nojio- 
jKeHHe H (})opMa noBepxHOCxefl xoKa yxoqHHioxcH. 

B HHxcenepHOH npaxxHKe rnnpoKo npHMeHHexcH nepBan nocxanoBKa 
saAaqH, x. e. npoiJiHJiHpoBaHHe JionacxH b npHHHxoM ocecHMMexpnq- 
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HOM nOTOKe HeBHSKOH H HeOKHMaeMOH >KH^[KOCTH. MeTOÄH npocbHJiHDo- 
BaHHH MOJKHO KJiaccH4)HmipoBaTb cjiCÄyromHM oÖpasoM: o;iHOMepHbie 
MeTOÄbi — npo(|)HJiHpoBaHHe jionacTH npn ‘ nOMOiUH TpeyrojibHHKOB 
cKopocreH na bko^c h Bbixo^e hs paöonero Ko^eca; ÄByMepnbie MeTo^bi— 
pa;tHajibHbre ceqcHHH Jionacra hjih ^puy npotfcHJiefi na noBepxHocTjix 
TOKa onpcÄejiHiOT pacqexHbiM nyxeM; KBasHxpexMepnbie Meroiibi — 
ÄencTBHTejibHoe TpexMepnoe xeqeHHe HccjieÄyexcn npH noMomn hbyx 
ÄByMcpHbix 3a;^aq:^ onpeÄejicHHe (|)opMbi noBepxHocxefi xoKa- pacqex 
pemeroK npo(J)HJieH na HaH;^eHHbIx noBepxHocxBx xoxa (cm 13) 
ÜÄHOMcpHbie MexoÄbi npo(|)HJiHpoBaHHfl [3; 7J. B ochobc sxhx mcxo- 
äob jicmhx npeÄnojiOÄCHHe o xom, qxo napaMcxpbi noxoKa (cKopocxH 
H AaBJieHHe) HSMeHHioxcH xojibKo BÄOJib noBepxHocxeö xoxa x. e. BJiojib- 
KpHBOJiHHeHHOK KoopÄHHaxbi (cM. § 9). IloxoK B paöoqcM KOJieCC 
npHHHMaiOX OCeCHMMexpnqHblM H, KaK npaBHJIO, paBHOCKOpOCXHbIM 

n 

dqs dq-i npHHHxoM pac^pe;^eJIeHHH MOMCHxa cko- 

pocxH Ha Bxo^e h BbixoÄe hs paöoqero Kojieca no saKOHy p r = const 
BbiqHCJIHIOX BeJIHqHHbl Vu , H Vu ^ BflOJIb npHHHXblX BXOÄHOH ^BblXOÄHOH 
KpoMOK JionacxH npH saÄaHHbix nanope h yrjioBoö cKopocxH BpameHHH 
pa^qero KOJieca. nocKOJibKy pacqexHbiö pacxo^ qepes xypÖHHy 
H (popMa noxoKa saflaHbi, anaqeHHn MepHÄHonajibHbix CKopocxefi B;i,ojib 
BXOÄHOH H BblXOÄHOH KpOMOK HSBeCXHbl. Ilo HSBCCXHblM CKOpOCXHM V 
u Ha BXo^e h BbixoÄe H3 paöoqero KOJieca BbiqHcjiniox yrjibi 6, h 6 ’ 
BÄOJIb KpOMOK JIOnaCXH H CXpOHX CeqCHHH JIOnaCXH nOBepXHOCXHMH XOKa 
Ha pasBepxKax oxoöpajKaiomHX noBepxHOCxefi. OopMy npoAHjiefi na 
TOBcpxHocxHx xoKa Haxo^^Hx npH noMoni.H reoMexpHqecKHx nocxpoeHHH. 
llocxpoeHHe npo4)HJieH na pasnepxKax no HsnecxHbiM yrjiaM h b' 

H Hx c6opKa B jionacxb BbinojiHHioxcH 6e3 yqexa BsaHMHoro bjihhhhh 
pemexoK , xaK KaK na KajK/toö noBepxHocxH xoKa npHHHMaiox cboh sa- 
KOH CpaÕOXKH MOMCHXa CKOpOCXH. TaKHM 06pa30M, UHpKyjIHHHOHHbIH 
HOXOK (HOJie MOMCHxa CKopocxH) B paöoqcM Kojiece He yBHSbmaexcn 
C npHHHXblM MepHÄHOHaJIbHbIM HOXOKOM, qxO MOÄCX HpHBCCXH K ^MC- 
HCXo;iHbrx noBepxHOcxefi xoKa h pocxy noxepb SHcpxHH. 
C^(})(|)eKXHBHOe HpHMeHeHHe O^HOMepHblX MCXOÄOB npod)HJIHpOBaHHH 
JionacxeH bo3mo>kho npH najiHqHH 6ojibmoro onnixa pacqexqHKa h 3k- 

cnepHMenxajibHbix ^aHHbix iicnbixaHHH paöoqnx KOJiec 6jih3khx naoa- 
MexpoB. ^ 

/(ByjwepHbie MexoAbi npocpHjiHpoBaHHn jionacxH [ 3 ; 7 ]. TeqcHHe 
ÄHÄKOCXH xaiOKe npeanojiaraexcH Ha ocecHMMexpHqHbix’noBepxHocx 5 ix 
TOKa, o/tHaKo yqHXbiBaexcH nsMeneHHe CKopocxH h ÄaBJicHHn b hoxokc 
B^OJIb KOOp/l,HHaX H q=^. 3aKOH CpaÖOXKH MOMCHXa CKOpOCXH B Kpn- 
BOH vj f (s) 3a;iaK)T xojibko na o/i,hoh noBepxHocxH xoKa. Cjie;],OBa- 
xejibHo, KaK H B cjiyqae OÄHOMcpHbix MexoÄOB (J)opMa ceqeHHH JionacxH 
Ha rpaHHKHOH noBepxHocxH xoKa — o6oÄe hjih BxyjiKC pa6oqero 
KOJieca — 3a/taexcK. B npopecce npocpHJinpoBaHHH ycxaHaBJiHBaexcH 
BHOJiHe onpeAejieHHaa saBHCHMOcxb Me^K^y pacnpeAejieHHeM MOMCHxa 
CKOpOCXH Ha paSJlHqHbIX HOBCpXHOCXHX XOKa. llpH HpHHHXblX HCXOÄ' 
Hbix ÄaHHbix H (jiopMe MepHÄHOHajibHoro noTOKa. (popwa 6ecKOHeqHo 
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rnaf ceqe^/ 

COÕOH HBZlnJZ . T xoKa yBHSbmaioxcK Mem^y 

B noxeHHHajibHOM ^ pacqexa JionacxHbix chcxcm, b qacxHocxH 

B HOXeHUHaJIbHOM MepHÄHOHajIbHOM nOXOKe, HOJiyqHJIH UIHDOKOe HDH- 
MencHHe b HHÄenepHOH npaKXHKC. ^ mnpoKoe npn 

TpexMepHue mctoäw pacqexa jionacxHbix chcxcm [5- 7- 12- 241 Hmc 
lomeecH B ^^cHcxBHxejibHOM HoxoKe HBMeneHHe CKopocxefi h naB^ienTn 
no yrjioBOH uiHpHne JionacxHbix KanajioB hphboähx k xoMy hto peajib- 

3fiT nOBepXHO^HMH Bpiie„Z(pHC 

36). B pesyjibxaxe o6xeKaHHe pemexoK npoHcxojWx ne na orerlmp^-' 

s* „õ‘ ! ® '*acTH Kanajia noBepxHocib TOKa 

2 H ^OBna^aex co CKCJiexHOH noBcpxHocxbio jionacxH FIojiHbiH 
yqex npocxpaHcxBCHHoro noxoKa npHBOjlHx k 6ojibmHM MaxcMaxHqe- 
HM xpy;^H0CTHM; npn sxom Mexojibi pacqexa pa6oqHx KOJie^ cxaHOBnxcsi 
BecbMa rpoMosÄKHMH. C nejibK) ynpomeHHH MexojiOB pacqexa jionacx- 

ÄByMepTbieT HCKyccxBCHHo pacqjienniox na jibc 

napaMexpoB noxoKa no OKpyjKHon KoopÄHnaxe o. h onne- 
” noBepxHocTeft xoKa b n^SiocTH ^pa6o"ero 

onpejiejieHHe (JiopMbi npoiJiHjiefi pemexoK, JiexiauiHx na orpmivr 
wexpnqHbix noBepxHocxHX tokI ^iea^amHx na occchm- 

nocxanoBKe KBaanxpexMepHbie Mexoj^bi ninpoKO nnnMCHH- 

rT ™Ähh 

o nocjiCÄHee BpeMH T. B. Ehktopoehm paapagoTana nocxanoBKa xne- 

sa^aqH, paccMaxpHBaiomeH xeqenne na noBepxHocxL 
opxoroHajibHbix k noBepxHOcxsiM xoKa. P ’ 

§ 48. Bi>i6op pacqexHbix napaMexpoB 
H nojiocTH pa6oq:ero KOJieca 

-"onacTHoft CHcreMbi. Heoöxo- 

paöOKero Kceca. PacBr^^HHH opHBeleH^^cxoM "o" 

" sbbhchmocth ot pacKeTHorõ 

Benembix "PeflBapHTejibHoro Buöopa npn- 

MenZaTb na„„bl paÖOTero Kcwieca mo*ho peico- 

MeHjlOBaxb jiaHHbie, noMemeHHbie b xaöji. 7, a xbkjkc VHHpenrB 

ÖbKTpoXOÄ- 

noBoro paöoqero KOJieca sajiaioT npHMepHtie bcjih- 

ypoBCHb nvk^canmf Kos^iifiHHHeHxa xypÖHHbi h ÄonycxHMbiH 

ypOBCHb n> JlbCaUHH /laBJICHHH B nOXOKe 3a paÕOHHM KOJieCOM 

llpH npHHHXbix Be.7iHqHHax jiHaMexpa, qacToxbi BpameHHH h nar- 

HaxypHOH rHÄpoxypÖHHbi BbiqucjiHiox^SHaqeHHH Q? 

^/c H n,, oõ/MUH, B pacqexHOH xoqKe. FnjipoMexaHHqecKiifi nacqS 

paõoqero KOJieca n npo^iumpoBaHHe ero Jionacxeii BbinojiHmox, KaK 
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npaBHJiQ, Ha onTHMajibHbiH peJKHM. Ha ocHOBaHHH HMeromHXCH SKcne- 
pHMeHTajibHbix ÄaHHbix MOHCHO peKOMeHÄOBaTb cjie^yioiuHe SHaqeHHH 
npHBCÄeHHbix BejiHqHH^Ha pacqeTHOM (onxHMaJibHOM) peÄHMe: 

Qlp == (0,7 -f- 0,75) Qi maxj ) 

«;^ = (0,9-=-i,0)«;„„. ) ^ 

MeHbiUHe SHaqeHHH K03(J)(J)HHHeHT0B B BbipajKeHHHx (275) npHMe- 

THXOXOAHbIX H CpeAHeft ÕblCTpOXOAHOCTH XypÖHH; ÖOJIbUIHC — 
ÄJIH ÖblCXpOXOAHblX. Bblöop OHXHMaJIbHblX HpHBeÄeHHMX BeJIHHHH CJie- 
Äyex yBHsaxb c pasMepaMH h ^^opMofi npoxoqnoH qacxH xypÖHHLi. 



Phc. 88 . riojiocTH pa6o*iHX KO.iec P045/123 h POI 15/697 (pasMcpu 
nojiocTH paöoqero KOJieca POI 15 yKaaaHbi b CKOÕKax). 


KoHxypbi nojiocxH pa6oqero KOJieca oöbiqHo BbiÖHpaiox, opHCHXH- 
pyncb Ha HOMeHKJiaxypHbie paöoHHe KOJieca öjihskoh öbicxpoxoÄHOcxH 
(3; 23]. C HejibK) BapbHpoBaHHH noKasaxejiHMH paöoqero KOjieca jKejia- 
xejibHO npe^ycMOxpexb pasjiHHHbie Mo;iH4)HKaLi,HH hojiocxh: HSMeHeHHe 
oqepxaHHH Bepxnero h HHXCHero oöoäob, BxyjiKH h x. OKonqaxejib- 
HbiH Bbiöop onxHMajibHoro BapHaHxa npoBO/iHXCH no /i,aHHbiM HcnbixaHHH 
MOÄCJieH paöoHHX KOJiec, paccHHxaHHbix na oähh h xe >Ke HCXO/iHbie 
napaMexpbi, ho HMeiomHX pasjiHHHbie oqepxaHHH oöoäob h BxyjiKH. 

OxHOCHxejibHyK) Bbicoxy nanpaBJiaiomero annapaxa h ÄHaMexp pac- 
nojio>KeHHH oceH noBopoxa jionaxoK, bjihhkdluhx na pasMepbi h oqepxa- 

HHH nOJIOCXH, OÖblHHO HpHHHMaiOX B COOXBeXCXBHH C peKOMeHjaUHHMH 
HOMeHKJiaxypbi rHflpoxypöiiH (xaõ.T. 7 h 8). >KeJiaxejibHo HeKoxopoe 
yBejiHqcHHe snaqeHHH DJD^ h no cpaBHeHHio c peKOMeHjyeMbiMii 
BeJIHHHHaMH, TQK K2lK yMeHbUieHHe Cpe/IHHX CKOpOCXen H BbipaBHHBa- 
HHe noxoKa nepe;i nocxynJieHneM ero na paöoqee Ko.ieco npHBOflHX 
K yjiyqmeHHK) aneprexHqecKHX h KaBHxaunoHHbix xapaKxepHcxHK xyp- 
ÖHHbi. O/iHaKo yBeJiHqeHHe Bbicoxbi nanpaBJiHioiiiero annapaxa Bbisbi- 
Baex pocx rHÄpaBJinqecKHX chji h mombhxob, ÄeHCXByKDuiHx na JionaxKH, 
qxo xpeöyex npHMeneHHH cxajiefl c öojiee bbicokhmh MexannqecKHMH 
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noKaaaxejiHMH h ycxaHOBKH öojiee MouiHbix cepBOMoxopoB HanpaBJiHio- 
mero annapaxa. O/iHOBpeMeHHo Boapacxaiox ycHJiHH h nanpqjKeHHH 
B paöoqeM KOJiece. 3a cqex HSMeHeHHH KOHxypoB nojiocxH b onpe/iejieH- 
Hbix npe/iejiax mo>kho noBJiHHXb na sHaqcHHH npHBe/ieHHbix BejiiiqHH, 
KFl/l H KaBHxauHOHHoro K0344)HUHeHxa xypÖHHbi. KoHxypbi paOoqHx 
KOJiec pasjiHqHOH öbicxpoxoÄHocxH cymecxBCHHo oxjiHqaioxcH Me^K/iy 
co6oh. PaõoqHe KOJieca bhcokoh h cpe/iHeH ObicxpoxoÄHocxn (pHC. 88) 
HMCIOX öoJibuiHe SHaqeHHH = 0,35 h- 0,2 h £>2 > Dj; npn sxom 

yroji KonycHocxH HH^KHero oõojia a = 3 -r- 21°. Flpn yBejiHqcHHH ko- 
HycHocxH HHJKHero o6oÄa h njioma/iH noxoKa Ha BwxoÄe h3 paõoqero 
KOJieca, KaK npaBHjio, yjiyqmaioxcH aneprexHqecKHe h KaBHxauHOH- 
Hbie xapaKxepHcxHKH h HMeex Mecxo HeKoxopoe BospacxaHHe nponycK- 



Phc. 89. riojicxTb paõoqero KOJieca P0400/683. 


HOH cnocoÕHocxH xypÕHHbi. PaöoqHe KOJieca cpe^He- h BbicoKOHanop- 
HbTX xypÖHH MaJIOH ÖblCXpOXOAHOCXH HMBIOX MeHbuiyio Bbicoxy Hanpas- 
Jiniomero annapaxa Öq/Di = 0,16 -f- 0,08, qxo oöycnoBJieno cooöpa- 
>KeHHJiMH npoqnocxH JionaxoK nanpaBjiHiomero annapaxa h jionacxeH 
paõoqero KOJieca, a xaK>Ke nojiyqeHHeM cooxBexcxByiomHX rHnpaBJiH- 
qecKHX xapaKxepHCXHK rHn,poxyp6HHbi. KoHxypbi HnmHero h Bepxnero 
oõo/ioB xaKHX KOJiec HMCKDX öoJibuiHC pa/iHycbi KpHBHSHbi, oöccneqH- 
Baiox njiaBHbiH noBopcx noxoKa b sõne paõoqero KOJieca; npn 3xom 
Di < Dl (pHc. 89). 

K qncjiy 3az(,aBaeMbix rniipaBjiHqecKHx napaMexpoB JionacxHOH ch- 
cxeMbi paõoqero KOJieca oxhochxch: 

1. BxoAHan hjih Bbixo^Han KpoMKa jionacxH. 

2. iX^iHHa MepHÄHOHajibHOH npoeKHHH JionacxH y oõo.zia hjih 
BxyjiKH, Koxopan npH npHHnxoM qncjie JionacxeH z onpejiejiHex rycxoxy 
pemexKH na paccMaxpHBaeMOH noBepxHocxn xoKa. jtjin kphbojihhch- 
HOH noBepxHocxH xoKa cpe^HioK) rycxoxy pemexKH paõoqero KOJieca 
BbiqncjiHiox npH homolhh Bbipa>KeHHH 


2 2 



1 1 
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PycTOTa nepH(})epHHHOH pemexKH cymecTBeHHo BjiHHer na anepre- 
TuqecKHe h KaBHTanHOHHbie xapaKxepHCTHKH pa6oqero KOJieca. JXjih 

pai^naJIbHO-OCeBblX paÖOqHX KOJIBC B SaBHCHMOCXH ox ÖblCXpOXO^HOCXH 

OHa HaxoÄHxcH B ^pe;^eJIax Ijj = 1,5 ~ 3,5. 

3- ^HCJio Jionacx0H paöoqcro KOJiGca, KoxopoG bjihhgx Ha rycxoxy 
pemexKH h onpe^ejuiex BejiHHHHv nanpHHceHHH b JionacxHx. Oöbihho 
HHCJIO Jionacxefi BblÖHpaiOX B SaBHCHMOCXH ox ÖblCXpOXOAHOCXH TVD- 
ÖHHbi (xaöJi. 16). 

4. OopMa KpHBOH Cpa6oXKH MOMCHXa CKOpOCXH Vur = / (s) BÄOJIb 
HcxoÄHOH noBcpxHocxH xoKa, Koxopan cymecxBeHHo bjihhgx Ha noKa- 
saxGJiH paöoHGro KOJiGca. 

Sa^aHHe HGpGqwcjiGHHbix napawGxpoB hgoöxoähmo äJih npocJiHJiH- 
poBaHHH jionacxH npH noMomH ÄByMGpHoro mgxoäh. FIpH nojibsoBa- 
HHH OÄHOMGpHblM MGXOJ^OM 3aJ^aK)X (|)OpMy H HOJIOXKGHHG B HpOCXpaHCXBG 
BXOAHOH H BblXOÄHOH KpOMOK, yXJIOM OXBaxa JIOHaCXH H HO HSBGCXHblM 
BXOÄHbIM H BblXOÄHbIM yXJiaM JIOHaCXH CXpOHX GG CGqGHHH Ha paCHGXHblX 
nOBGpXHOCXHX XOKa. 

§ 49. IIocTpoeHHe Mepnj];noHajn>Horo noTOKa 

B npHHHXOH HOJIOCXK paÖOqGrO KOJIGCa CXpOHX nOXGHHKajIbHblfi hjih 
BHXpeBOH MGpH;^^OHaJIbHbIH HOXOK, yqHXbIBaH pGSyjIbXaXbl SKCHGpH- 
MGHxajIbHblX H pacqeXHbIX HCCJIGÄOBaHHÖ nOXOKa XHÄpOXypÖHH 6jIH3- 
KOH öbicxpoxoÄHOcxH. CxpyKxypa noxoKa b hojiocxh paöoqero KOJiGca 

CyulGCXBGHHO 3aBHCHX OX (JopMbI JIOHacXGH. IlpH CHJIOBOM BSaHMO^efi- 
CXBHH nOXOKa H JIOnaCXGH COOXBGXCXByiOUIGH (JXDpMbl B HOJIOCXH pa6oHGro 
KOJIGCa MOXKGX HMGXb MGCXO XaKOH HOXOK, KOXOpbIH CyuIGCXBGHHO OX- 
jiHqaexcH ox noxoKa b ÖGSJionacxHOM KanajiG xoro jkg oqcpxaHHH. On- 
XHMajIbHOG COqGXaHHG (JxipMbI JIOnaCXGH H HOJIOCXH paÖOqGXO KOJIGCa 
ycxanaB^HBaGxcH na ocHOBaHHH ^aHHbix pgiughhh npHMOH ocgchmmgx- 
piiqGCKOH 3aJ^aqH, onbixHoro HccjiGjiOBaHHH moji;gjigh paöoqnx kojigc 

H HX MOÄHCjiHKaHHH. 

CxpYKxypa MGpHjiHOHajibHoro noxoKa saBHCHx ox npHHHXbix oqcp- 
xaHHH npoxoqnoH qacxH h pG^KHMa paöoxbi xypÖHHbi. EIoxok b npoxoq- 
HOH qacxH xypÖHHbi mojkho pasjiejiHXb na xpii sohbi: hoxok nepGj], pa6o- 
qHMKO.xecoM; hoxok b pa6oqGM kojigcg; hoxok hocjig paöoqero KOJieca. 
Hjih OÖeCHGqGHHH MKHHMajIbHbIX nOXGpb SHGpXHH nepGXOÄ H3 oähoh 
30HbI HOXOKa B J^pyxyiO ÄOJIJKGH OCyUIGCXBJIHXbCH HJiaBHO, 063 pGSKHX 
HSMGHGHKH (JXJpMbl JIHHKH XOKa. OOBGpXHOCXH XOKa B paÖOqGM KOJIGCG 
MOHCHO HpHÖJIHJKGHHO HOCXpOHXb HO JiaHHbIM 3aMGpOB HOXOKa B CCHC- 
HHHX ^CpGJ^ H 3a paÕOHHM KOJIGCOM. EcjIH XaKHG SKCHGpHMGHXajIbHblG 
ÄaHHbiG^ oxcyxcxByiox, MCpHÄHOHajibHWH HOXOK j;hh aajaHHOH jio- 
nacxHOH CHcxGMbi cxpoHx, pcman npHMyio ocGCHMMGxpHqHyio sa^aqy 
(cm. § 15). 

B npaKXHKG pacqGxa paöoqHX kojigc paajiHqHbix xhhob uiHpoKO 
HOJIbSyiOXCH HOXGHlIHajIbHblM H paBHOCKOpOCXHbIM MGpHJIHOHajIbHbIMH 
HoxoKaMH (cm. § 17). 

182 


t 


1 


rfocjieflOBaTejibHocTb rpa^io-aHajiHTHqecKoro nocTpoeHHd noreH- 
UHajibHoro MepHÄHOH^Horo noiOKa. 1. HasaaaHHMe pacqerHbie Ha- 
nop H MoiHHocTb xypÖHHbi Bbi 6 Hpai 0 T npHBeÄeHHue BejinqHHbi Qi', a/c, 

nl,’..™ npoToqHoii qacTH, pyKOBOflCTByHCb peKOMeHfla- 

UHHMH HOMGHKJiaxypbl [23l. " 

2. no saÄaHHbiM paaMcpaM BbiHGpqHBaiox npHHHxyio hojioctb oaöo- 
qero kojigch hjih gg Mo^HcJiHKapHK) (na pnc. 88 MOAH^iHKauHH BepxHGXO 
oõoÄa HOKaaaHa mxpHxoBoft jihhhgh) ÄHaMGxpoM Dj 1000 mm b Mac- 
mxaöe 1 : 1 h HaMcqaiox cghghhh noxoKa / — / h //—//, r^e naqHHaiox 
H aaKanqHBaiox nocxpoGHHG jihhhh xoKa, 

3. nncjio JIHHHH xoKa i, BKjiioqaH rpannnnHe noBcpxHocxH xoKa 
npHHHMaHW B SaBKCHMOCTH OT BejIHqHHU VDi- ÄJin TypÖHH cpeflHeii 
H _bhcokoh 6bICTpOXOÄHOCTH (VD, = 0,2 -- 0,35) MOJKHO npHHSTb 

y, a jiJiH XHxoxojiHbix paöoqHx kojigc i — 5. SajiaBiuHCb qHc- 
JIOM JIHHHH XOKa, BblHOJIHHIOX paaÖHBKy CGqGHHH / — I H //_//• 

CeneHue /—/. OocxpoGHHe noxoKa (pnc. 90, a) naqHHaiox na iocxa- 
XOqHOM y^aJIGHHH OX OCH xypÖHHbi rj__, = (1,2-f- 1.4)/-j, W MOJKHO 

npGÄHOJioJKHXb noCTOHHCXBo CKopocxH HO BbicoxG HanpaBJiHiomero anna- 
paxa Vmi — const. SjiGMGHxapnbiH pacxo,zi,MGJK,ny coce,HHHMH jihhhhmh xoKa 
npHHHMaiox ojiHHaKOBbiM AQ = const. CyMMapnbm pacxoÄ qcpca paõo- 

KOJIGCO paBGH Q = 2 AQ h ero BCJinqHHa H3BecxHa (npH = 

— M n ti = l M Q^Qu Ji/c). npH npHHHXbix ÄonymcHHHX AQ/= 

— const H v^i = const no bhcoxg HanpaBJiniomGro annapaxa BxoAHoe 
^qGHHG 1 I paaÖHBaiox no Bbicoxe na paBHHG qacxH bQ/n, r^G n = 

— qHCJIO SJIGMGHXapHblX CXpyeK. BcJIHqHHa cp 6 ;^HeH CKOPOCXH 

BO BXOJtHOM CGqGHHH ‘ ^ 


Vml = 


Q{ 

2nr^bf^ 


, m/c. 


(277) 


CcHCHue II—II. Ha AocxaxoqnoM y^ajiGHHH ot noBopoxa noxoKa 
B ceqGHHH Ha BXOÄC B oxcacbiBaiomyio xpy6y mojkho npGjinojiojKHXb 
^mu const. 4xoobi oÖGCHGqiixb BbiHOJiHGHHG ycjioBHH AQ = const 
MGJK^y COCGäHHMH JIHHHHMH XOKa B CGKCHKH II—II npH npHHHXOH 

noCXOHHHOH CKOpoCXH Vmll, KOJlbpCBblG nJlOUiajIKH CGHGHHH II _ II 

ÄOJiJKHbi 6bixb paBHbi MGJKÄy co6oh nP^Ji—\=nRl/i — k. OxKy^a 

cjicaycx, qxo jiR^, TaxHM oöpaaoM, BGjiHqnna pa,ztHyca pacno- 

JIOJKGHHH vfe-H JIHHHH XOKa 

= (278) 

Ec^th, HanpHMcp, / = 5, xo npn k = 1 Rj^ = Ri; npw k = 2 R^ = 

= -^ H X. Ä- 

4. BbinOJIHHB paaÖHBKy BXOäHOXO H BblXOÄHOrO CGqCHHH, npOBO- 
jtHX B HGpBOM npHÖJIHJKGHHH JIHHHH XOKa. OpH 3XOM HMCKDX B BH,Zty, nxo 
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CKOpocTH noTOKa y HHatnero oöoRa (r^e KpHBHSHa rpaHHqnoH ^hhhh 
TOKa MaKCHMajibHa) 6oJibiiie, nosTOMy npH ycjioBHH AQ = const pac- 
CTOHHHe Me>KÄy JIHHHBMH TOKa MCHhlue. OÄHOBpeMeHHO npOBOÄHT HOp- 
MaJIH K JIHHHHM TOKa qcpeS TO*IKH Ha KpaHHeÖ JIHHHH TOKa, OTCTOHIH,He 
jipyr OT jDtpyra na paccTOHHHH As = 10 20 mm. 



PhC. 90 . nOTeHUHaJIbHblH wepHAHOHaJIbHblH EOTOK B nOJIOCTH TypÖHHbJ 

(D = 1 m; H=l m; Q{ = 1000 a/c): 

a — MepimHOHajibHaa npoeKUHH noJiocTH paöoqero KOJieca; 6 rpa4)HKH Vm f (s)- 


5. ripHCTynaiOT K KOppCKTHpOBKe CeTKH nOTOKa. VTOHHOHHe JIHHHH 
TOKa HejiecooöpasHO nanaTb b sohc hx MaKCKMajibHOH KpHBHSHbi. ZIjih 
B blHCpHHBaHHH BTOpOTO npHÖJlHJKCHHH JIHHHH TOKa H SKBHHOTeHHHaJIb 
HblX JIHHHH BbIHHCJIHIOT SJieMeHTapHbIH paCXO^ Me>KÄy COCejtHHMH JIH- 
HHHMH TOKa BÄOJIb HOpMaJIH 

AQ = 2jirArtt;^, (279) 


A/l - paCCTOHHHC HO HOpMaJIH MBHCÄy COCBäHHMH JIHHHHMH TOKa 

(pHc. 90, a). 
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JXjih noTCHHHajibHoro noroKa cnpaBeAJiHBa cJieAyiomaH saBHCH- 
MOCTb: 


AO 

~ ~dš' ~ “Äs~ ’ 


(280) 


täb A<D — naÄBHHe noTeHunajia BÄOJib jihhhh TOKa uemjiy coceAHHMH 

HOpMaJIHMH, OTCTOHU1.HMH Äpyr OT Äpyra Ha paCCTOHHHH As. 

rioÄCTaBJiHH sHaneHHe Vm h 3 ypaBHeHHH (280) b ypaBHCHHe (279), 
nojiynaraT 


AQ = 2jt £ A€>A/i. 

CyMMapHbiH pacxoÄ nepea ceneHHe n — n noTOKa 


(281) 


,*bt 

Q = 2jiAC' j d/l 


(282) 


AOJDKeH ÖbITb paBCH SaAaHHOH BeJIHqHHe. IlpH HSBeCTHOM paCXOÄB H HaH- 
ABHHOM sHaqeHHH HHTerpajia onpBABJiaiOT pasHocTb noreHHHajioB MCx^Ay 
COCeAHHMH HOpMaJIHMH 

AO = -5- 


•*BT 

I-i 


(283) 


rio BblHHCJieHHOMy SHaHeHHK) A<ll npH HOMOmH (280) OnpeABJIHIOT 
CKOpOCTH BÄOJIb paCCMaTpHBaeMOH HOpMaJIH. BblHHCJieHHe HHTCrpaJia 
MOJKCT öbiTb BbinoJiHeHO rpa(})HqecKH hjih rpacJioaHajiHTHqecKH. KpH- 
TepHCM npaBHJIbHOCTH HOCTpoeHHH JIHHHH TOKH HBJIHBTCH OÖeCHeqeHHe 
AQ = const MCJKAy COCCäHHMH jihhhhmh tokh. 

Ha Bbipa>KeHHH (282) cjieAycT, hto cyMMapHbift pacxoA qBpea ceqe- 
fi — fi nponopHHOHajicH BCJiHqHHe HHTcrpajia. CooTECTCTBeHHO 

BCJiHqHHbi £ A/l = Fi nponopuHOHajibHfai sjieMeHTapHbiM pacxoAHM 

Me>KAy COCCAHHMH JIHHHHMH TOKa, KOTOpbie ÄOJl>KHbI ÕblTb paBHbl MCH^Ay 
coõoö. CjieAOBaTejibHO, ajih yToqneHHH cctkh noTOKa HeoõxoAHMO TaK 
nepeCTpOHTb jihhhh TOKa, HTOÖBI BejIHHHHa A/^t ÕbUia OAHHaKOBOH 

BAOJib n — n. . 

ÜJiH 3Toro B Taöji. 13 aanHCbiBaioT anaqeHHH BejiHHHH r , s, ä/i, 
aaMepcHHbie Ha qepTOKe, h BbinojiHHioT cooTBeTCTByiomHe BbiqHCJienHH. 

B peayjibTaTC onpeABJinioT cpeAHce anaqeHHe = ^ 

BÄOJlb HOpMaJIH H OTKJlOHeHHe Ka>KAOH BeJlHqHHbl A/^£ OT ee Bp^- 
nero SHaqeHHH: o (AFj) = AF^- — AFcp- BejiHHHHy OTKJioneHHH 
AJiH KaHCAOH napbi coceAHrix jihhhh TOKa abjiht na SHaqeHHe (r/As)cp, 
qTO AaeT nonpaBKH S (A/i) (c yqeTOM anana), no KOTOpbiM cyAHT, Ha 
CKOJibKO H B KaKOM HanpaBJiBHHH HaAo CMecTHTb TOHKH nepecBqeHHH 
JIHHHH TOKa c HopMajibio /I — Tl. OojiyqeHHbie nonpaBKH c yqeTOM 


185 








TaÕAuvfl 13. flocrpoeHHe cctkh.jihhhh tõke h SKBHnoreimHaJibHbix jimhhSi 



SKBHnoxeHUHajibHafl jihhhh - 


a—a 
b—b 
c—c 
d—d 

H T. Ä. 


3HaKa OTKJiaÄHBaioT e^ojib paccMaTpHBaeMOH HopwajiH. nepByio 
nonpaBKy S (An) oTKJiaÄbiBaioT na OTpesKe HOpMajiH An y oöoah 
H Haxo^HT yToqHeHHoe sHaMeHHe oTpesna An\ ot KOToporo oTKJiaÄbi- 
BaFOT HOBoe SHaqeHHe A«" Me^K^y cjie^yiomHMH jihhhjjmh TOKa h t. a- 
Ha nocjie^HeM y^acTKe HopMajiH Mesf^y npeAnocjieÄHeö jiHHHefl TOKa 
H BTyjiKOH HMeioTCH ÄBe nonpaBKH (rpaHHqnaH jihhhb TOKa — BxyjiKa 
paöo^iero KOJieca — saAaHa), KOTopue ajireöpaHqecKH CKJiaAfciBaiOT h hx 
CpCAHIOK) BCJIHqHHy 8 (Art)cp OTKJiaAbIBaiOT Ha HOCJieAHeM OTpesKC 
HopMajiH An. CxpoHT yxoqHeHHoe noJioÄCHHe jihhhh TOKa, sanHCbiBaioT 
b xaÖJiHuy HOBfaie SHaHeHHH BejiH^HH h buhojihhiox aHajiorHqHLie 
BbiqHCJieHHH. 

npH CMemeHHH JIHHHH XOKH OAHOEpeMCHHO HepeCXpaHBaiOX SKBHnO 
xcHHHajibHbre jihhhh, xaK khk cexKa noxoKa AOJiÄHa ocxaBaxbCH opxo- 
roHajibHOH. yxoHHeHHe cexKH BbinojiHHiox AO xex nop, nona ne öyAex 

oöecneneHa xpeöyeMaa xoHHocxb nocxpoeHHÖ: —100 = 3-5- 5%. 

AHajIOrHMHO yXOHHHIOX nOJIOJKeHHH JIHHHH XOKa AJIil Bcex HOpMaJiefi 

Mex<Ay ceqeHHHMH / — / h // — II. 

6. riocjie oKOHqaHHH nocxpocHHH cexKH noxoKa nepexoABX k bbi- 
HHCJieHHK) SHaqeHHÖ MepHAHOnaJIbHblX CKOpOCXefl Vm BAOJIB SKBHHOXeH- 
HHaJIbHblX JIHHHH H JIHHHH XOKa. BeJIHHHHH AO OnpeACJIHIOX HO ^lOp- 

Myjie (283), a sHaqeHHH MepHAHonajibHOH cKopocxH Me>KAy AByMa co- 
CeAHHMH JIHHHHMH XOKB HO ypaBHeHHK) (280). BCC BblHHCJieHHH SaHOCHX 
B xaöji. 14. 

7. rio ASHHbiM xaöji. 14 cxpoax KpHBbie HSMeneHHH MepHAHonaJib- 
HblX CKOpOCXeH BAOJIb JIHHHH XOKa Vm — f (s) (pHC. 90, Õ), KOXOpblO 
HMeiox o6mee Haqajio b ceqeHHH I — I (AOi = const ) h saKaHHHBa- 
loxcH B ceqeHHH II — II (AOn = const). Hoxok nocxpoeH npaBHjibHO, 
ecJiH njiomaAH, saKJiioqeHHbie Me>KAy KpHBbiMH Vm = f (s) pasJiHHHbix 
JIHHHH XOKa H BepXHKaJIbHblMH OpAHHaxaMH — CeHeHHHMH / — / H II — 
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TCLÕAUt^a 14. K BHHHCJieHHK) MepHAHOHBJIbHUX CKOpOCTCH IIOTeHPHEJIbHOrO 

MepHAHOHaiibHoro noroKa 

Di = 1000 mm; H= \ m; Q[ = Q - m^Ic; v = — 

* As 


1 


1 


11 , paBHbi Mexyiy coõoh. 3xh njiomaAH aojijkhh 6bixb paBHbi, xaK KaK 
OHH nponopuHoHajibHbi HaMeHCHHio SHaqcHHH HoxeHUHajia MOKAy ceqe- 
HHHMH /—/ H II —//, Koxopoe OAHHaKOBO HJIR BCBX JIHHHH XOKa. 

8. PacceKaa KpHBbie Vm = f (s) ropHsoHxajibHbiMH jihhuhmh, cxpoax 
Ha MepHAHOHajibHOM ceqeHHH paöoqero KOJieca KpHBbie paBHbix cKopo- 
cxeö Vm = const. 

B HpaKXHKe pacqexoB jionacxHbix chcxcm Bce öojibuiee pacnpocxpa- 
HCHHe HaxoAHx pacqex noxeniiHajibHoro ocecHMMexpnqHoro noxoKa 
nyxeM pemeHHH ypaBHCHHH npn noMomn qncjieHHbix mcxoaob c Hcnojib- 
soBaHHCM 3BM h cneiiHajibHOH nporpaMMbi. 

TaÕAUufl 15. K nocTpocHHK) paBHocKOpociHoro MepHÄHOHajibHoro noroKa 
(nojiocTb paSonerö KOJieca = — M^jc) 
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FlocTpocHHe paBHocKopocTHoro noTOKa. 1. BtJÖHpaioT BXOÄöoe 
/—/ H BfalXOÄHOe II—II CeqeHHB EOJIOCTH H BbinOJIHHIOT HX paSÖHBKy 
(pHc. 91, a) aHajioraqHO TOMy, KaK sto onHcano BbimeAJia noxeHUHajib- 
Horo MepHAHOHajibHoro noTOKa. 

2. Mepes xoqKH bxoähofo h BbixoÄHoro ceqeHHH opHCHTHpoBoqHo 

npOBOÄHT JIHHHH TOKa H HOpMaJIH K HHM. 



Phc. 91. nocTpoeHHC MepHÄHOHajibHoro paBHocKopocxHoro noroKa; 

a — McpnaHOHajifaHaa npocKUHH noJiocTH; 6 — rpa^jHKH Vm = t 


3. B^oJib HopMajieö aaMepaioT BejiHqHHbi Arii, ri h BbiqHCJiHioT npo- 
HSBeÄGHHB riArii. TaK KaK pacxoÄ MejKja,y coceÄHUMH jihhhhmh TOKa 
nocToaneH AQ == const, npOHseeÄeHHK Antri paccMarpHBaeMoö 

HOpMajlH AOJI>KHbI ÖbITb paBHbIMH. CTpOBT BTOpOe npUÖJIHÄeHHe JIHHHH 
TOKa H noBTopaioT pacqexbi. FlepecxpoeHHe cexKH jihhhh xoKa h Hop- 
MajicH BbinojiHHiox üo xex nop, noKa ne öy^ex ÄOCXHXHyxa >KejiaeMaH 
xoqHocxb HocxpoeHHH (AonycKaexcH norpeniHocxb nopaÄKa 3 -f- 5%). 
Bce BbiqHCJicHHH Ä-na KajKAOH HopMaJiH BbinoJiHHioT B xaÖJiHqHOH (JiopMe 
(xaöji. 15). 

i«8 


4. Xlojibayacb ypaBHeHHCM HepaapbiBHocxH, onpejiejiHiox MepujlHo- 

HaJIbHblB CKOpOCXH BJlOJIb JIHHHH XOKa (xaÖJI. 15) H CXpOHX KpHBbIB Vm — 

= / (s) (pHc. 91, (5). 

§ 50. OÄHOMcpHwe Mexoj^Bi npo4)iiJinpoBaHBH jionacTeS 

OcHOBHue nojioaceHHfl [3; 71, OpH nocxpoeHHH jionacxH Ha npHHH- 
xbie napaMexpbi h n[ b hphhhxoh hojiocxh äojimhbi 6biTb saÄaHbi 
(J)opMa MepHÄHOHajibHoro noxoKa k xapaKxep pacnpe^ejieHHH UHpKy- 
JiHUHH Ha bxoäc h Bbixojie H3 paöoqexo KOJicca, a xaKHce oqepxaHHa 
BXOJIHOH H BblXOJIHOH KpOMOK Ha MCpHJIHOHajIbHOH HJIOCKOCXH H B HJiaHe. 
JIjih pacqexHoro peacHMa BbiqHCJiaiox sHaqeKHH yrjioB BxoÄa Pj h bh- 
XOJia P 2 BJIOJIb KpOMOK JIOHaCXH. TaK KaK KpHBOJIHH6HHbI6 HOBBpXHO- 
cxH xoKa Ha hjiockocxh H6 pasBopaqHBaioxcH, hx aaMeHJiioT KOHHqc- 
CKHMH HJiH HHJiHHÄpHqecKHMH HOBepxHocxHMH. Ha pasBepxKax no- 
BepXHOcxeft BpameHHH cxpoax ceqcHHH jionacxH noBepxHOcxHMH xoKa. 
CymecxByiox pasjinqHbie cnocoöbi nocxpoeHHH ceqeHHH Jionacxn: Ha 
pasBCpxKax KOHycoB, KacaxejibHbix k noBepxHocxHM xoKa hjih nepece- 
KaioiHHx hx; npH homoihh KOH(jx)pMHoro oxo6pa>KeHHH ceqeHHH jiona- 
CXH c pasBepxoK KonycoB na noBepxHocxH xoKa; npH homoihh KOKiJiopM- 
Horo oxoöpameHHH ceqeHHH jionacxH c e^HHoro HHJiHH.zipa (ocb koxo- 
poro coBHajiaex c ocbio xypÖHH) na noBepxHocxH xoKa h J^p, 

BuÕOp 4^0pMU KpOMOK JIOIiaCTH, HKCJIH JIOnaCTCH, HX TOJIIII,HHbl 

H yrjia oxBaxa. 

OopMy BXOäHOH KpOMKH JIOHaCXH BblÕHpaKXr XaKOH, 
qxoõbi oöecneqHTb onpCÄejieHHbie anaqeHHH yrjioB (opHeHXHpyncb 
Ha iiaHHbie paöoqnx KOJiec 6 jih3koh öbicxpoxojiHocTH) h hx njiaBHoe 
H3MeHeHHe ox hh^khcfo oöojia ko BxyjiKe. PeKOMen^yioTCH cjiejiyiomHe 
Be.aHqHHbi BxojiHbix yrjioB: hjih paöoqnx Kojiec bbicokoh h HopMajib- 
HOH õbicxpoxojiHocxH {tis = 400 -i- 250) Pj = 40 - 7 - 60°; jijih thxoxoh- 
Hbix paöoqHx KOJiec (n* = 150 80) = 50 ~ 90°. JIjih oöecneqe- 

HHH peKOMeHnycMbix BejiHHHH yrjioB Pj mo>kho H3MeHHXb oqepxaHHe 
MepHJIHOHaJIbHOH npoeKHHH KpOMKH HJIH XpaHHqHblC yCJlOBHH Ha BXOJie 
H Bbixo.zi,e H3 paöoqero KOJieca. OopMa bxoähoh KpoMKH b MepHjiHOHajib- 
HOH HJIOCKOCXH 3aBHCHX XaK>Ke OT HpHHHTOH BCJIHqHHbl HpHBeiieHHblX 

oöopoxoB (pHc. 92). PaccxoHHHe .no ocH BpameHHH tohkh nepeceqe- 

HHH BXOJIHOH KpOMKH C BXyjIKOH nOJI>KHO yjIOBJieXBOpHXb yCJIOBHIO pa- 

üHajibHoro Bxona 

(284) 

HjiHHa MepHüHOriajibHOH npocKiiHH JionacxH Ha hhjkhcm oöone 
opHeHXHpoBoqHo MO>Kex õbixb npHHHxa: 

jiJifi n, = 80-120 : = (6,5 - 8) V^D,, mm; \ 
nm n, = 150 - 400 : (4,5 - 5) Vd^, mm. j 

SHaqcHHH lm yxoqHHioxcH B npouecce npoeKXHpoBaHHH. 
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Heo6xoÄHMOTaK>KenpHHHTb onpe;ieJieHHyio BCJiHqHHy lm na BTyjiKC, 
ocHOBbiBancb na rHÄpOÄHHaMHqecKHx h npoqHocTHbix xpeöoBaHHHX, 
npeÄTjHBjiHCMbix K paöoqeMy KOJiecy. 

OopMa bbixoähoh KpoMKH xaKxce npHHHMaexcH Ha 
OCHOBaHHH oribixa npoeKXHpOBaHHH paÕOHHX KOJieC 6JIH3K0H Öbicxpo- 
XOäHOCXH. TlJIfl paÖOHHX KOJieC BHCOKOH H HOpMaJIbHOH ÖblCXpOXOÄ- 
HOCXH BbixoÄHbie yrjibi pg = 20 -f- 40° (yroji pg yBejiHHHBaexcH ox hh>k- 



Phc. 92. Bfaiöop oqepTaHHa MepHÄHOHajibHofi npoeKUHH n nJiaHa jionacxH: 

Q — nocTpoeHH0 jionacTn; õ — nocTpoemie npo4)HJiH Ha noBepxHocTH xoKa, 


Hero oöo^a ko Bxyjixe); xhxoxoahbix paöoHHx KOJiec P 2 = 10 -f- 
-i- 25°. PeKOMeHÄycMbie snaneHHa P 2 nojiynaiox, HSMeHHH Hcxo.HHbie 
pacnexHHe napaMexpbi h oaepxaHHH KpoMOK. B oxenecxBeHHOH npaK- 
xHKe rH.npoxyp6ocxpoeHHa BXOÄHaa h BbixoÄHaa KpoMKH jionacxH 
oöbiHHo npHHHMaKDXca paÄHajibHbiMH, Hxo oöocHOBHBaexcH cooöpan^e- 
HHHMH xexHOJiorHHHOCXH jionacxH. SapyöexKHbie (|)HpMbi aacxo Hsro- 
xaBJiHBaiox paöoane KOJieca c HepaÄHa.abHbiMH BXoa,HbiMH KpoMKaMH 

= 3 -f- 8 °, oxoxHyxbiMH y HHÄHero oöoAa npoxHB BpauxeHHa pa 6 o- 
aero KOJieca (pHc. 92 ). HepaÄHajibHaa BXOÄnaa KpoMKa Bjmaex na 
(popMy jionacxH h, cjiej;oBaxe.abHO, Ha 3 HeprexHHecKne, KaBHxauHOH- 
Hbie H nyjibcauHOHHbie xapaKxepHcxHKH paOoaero KOJieca. 

^HCJio jionacxefi, hx xojimHHa h yroji ox- 
saxa jionacxH b njiane saBHcax ox nanopa, 6bicxpoxoja,HO- 
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TüÕAUufl, 16. Bbiõop HHCJia jionacxeA paöonero KOJieca z h yrJia oxBara x 
^ JionacTH B saBHCHMOCTH OT Hanopa H 


Hanop H, m 

BbICTpoxOÄHOCTb 

2. 

X 

yrcwi KOHycHocTH a 
HHÄHero o6o;ia 

700—300 

«0—150 

19—13 

40—50° 


300—170 

150—250 

17—13 

30—40° 

3—6° 

170 45 

250—400 

15—11 

0 

1 

9—20° 


CXH, xpeOoBaHHH npoHHocxH H xexHojioxHH HsroxoBJieHHH paOoqero 
KOJieca (xaöji. 16). 

JviaKCHMajibHaH xojiuj.HHa JionacxH h saKOH pacnpe;;ejieHHH xojhhhh 
B^OJIb XOpjl,H npOIpHJIH CyUtCCXBeHHO BJIHHiOX Ha XH^IpaBJIHqeCKHe 
H npoHHOcxHbie xapaKxepHcxHKH paöoqero KOJieca. C xohkh speHHH 
noBbinieHHH KOJl h yjiyquieHHH KaBHxaHHOHHoro KostjxjiKUHeHxa npH- 
HHMaeMaa hs ycjioBHH npoqnocxH xojiuxHHa jionacxH ÄOJi^na 6bixb bo3- 
Mo>KHo MeHbuieH, qxoöbi cxecHeHHe noxoKa ne öbijio qpe3MepHbiM. Mbk- 
CHMajibHaa oxHocHxejibHaH xojiiHHHa jionacxH HaxojiHxca y BxyjiKH, 
r^e HMeiox Mecxo HaHÖojibuiHC HsxHÖaiomHe MOMenxbi. SHeprexHqecKHe 
H KaBHxaHHOHHbie xapaKxepHcxHKH paöoqero Kojieca npH npoHHx paB- 
Hbix ycjioBHHx yjiyHHiaioxcH npH yMenbuieHHH oxHOCHxejibHoö xojimHHbi 
JIOnaCXH ox BXyjIKH K HHHtHCMy o60Äy. 

ripHHHXbiH xapaKxep pacnpeÄCJieHHH xojiuihh baojib xopÄbi npo- 
(pHJiH ÄOJiJKeH 6bixb oõecHeHCH Ha pacqexHbix noBcpxHocxHX xoKa. 
rio3xoMy npH nocxpocHHH npo^HJiefi na pasBepxxax oxoõpancaiomHx 
noBepxHocxefi b snaqeHHH xojimHHbi äoji^khu BHocHXbca onpejiejieHHbie 
KOppeKXHBH. 

ripH onpejiejieHHbix 4)opMax noBepxHOcxefi xoKa h oxoõpaÄaioiHHx 
noBepxHocxefi HCKajKeHHC xojiihhh npocpHJiH Ha paanepxKax no cpaBHC- 
HHK) C npHHHXbIM SaKOHOM paCHpeÄCJieHHH XOJIUIHH Ha nOBepXHOCXHX 
xoKa Mox<ex öbixb Majio. 3xo ynpomaex nocxpoenne npo^imiefi kohch- 
HOH xojiiHHHbi H jionacxH B HCJioM. IlpHHaxyio xoJiiHHHy jionacxH (cm. 
xaÖJi. 17) oöbiHHo oxKjiajibiBaiox no o.nHy cxopony ox jihhhh, nocxpo- 
eHHOH no pacqexHbiM yrjiaM p^ n Pg. Flpn xaKOM nocxpoeHHH KpHBHsna 


TaÕAUt^a 17. PacnpeÄCJieHHe tojui^hh bäojib npo^HJiefi 
Ha KOHHHeCKHX pasBcpTKax 


V/. % 

% j 

x-ll, % 


x/i, % 


5 

70 

45 

91 

80 

44,5 

10 

87,5 

50 

87 

85 

35,5 

20 

98,5 

55 

81,5 

90 

25,5 

27,5 

100 

60 

75,5 

95 

15^5 

30 

99,5 

65 

68,5 

100 

5 

35 

98 

70 

61,5 



40 

94,5 

75 

52,5 




I 

I 
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npo4)HJi5i HecKOJTbKO yBCJiHqHBaeTCH, a yroji noTOKa na Bbixo^e h 3 pa- 
öonero KöJieca npn6jiH>KaeTca k pac^eTHOMy sHäqeHHio P2p, onpe^e- 
jieHHOMy ÄJiH cjiyqaa z = co. 

BeJIHHHHa MaKCHMajIbHOH TOJIIUHHM JIOnaCTH y BTyjIKH SaBHCHT OT 

Hanopa, »iHCJia JionacxeH, hx 4)OpMbi, a xaKJKe ÄHaMCTpa paöoqero ko- 
jieca. ZIjih npHÖJiHÄeHHoro onpeÄCJieHHa BejiHqHHbi 6max mojkho boc- 
nojibsoBaTbCH jtaHHbiMH MOÄCJibHoro HJiH HaxypHoro paöoqero KOJieca 
Dl 6jih3koh öbicxpoxojlHOcxH H Hanopa h nepecqHxaxb 6max na ÄaHHbifi 



PhC. 93. yTCT CTeCHeHHH nOTOKa JIOnaCXHMH KOHeqHOH TOJimHHU. 


d: 

ÄHEMexp DI; 6max = Ömax MaKCHMaJIbHyK) XOJIUXHHy JIOnaCXH 

MOJKHO xaiöKC onpeÄCJiHXb npHÖJiHJKeHHo npH noMoiuH 4>opMy*^w Ka- 
Mepepa 

= (0.005 -5- 0,01) D, ^ + 0^, >«, (286) 

r^e 0,005 — K 03 (J)(|)HUHeHx xhxoxoähbix xypÖHH, a 0,01 — ÄJia 

ÖUCXpOXOÄHbIX. 

; npHHHB saKOH pacnpcÄeJieHHH xojiiixhh b^ojib npO(J)HJieH jionacxH, 
onpe^e^Hiox K 03 (J)(|)Hii.HeHx cxecRiHHH (pHC. 93) bäojib pacqexHbix no- 
BepxHocxefi xoxa 


2nr — z^u 


(287) 


rjxe r — pa^ayc xeKymefi xo^kh na noBepXHOCxH xoKa; 8^ = - 

xojiiuHHa jionacTH b oKpyjiwoM nanpaBJieHHH; z — «jhcjio Jionacxefl 
paöoiiero KOJieca. 

Ho HaHAeHHbiM BejinqHHaM 'Jj Bbi^iHCJiHiox sHatjeHna CKopocxeö 
c yqexoM cxecHeHHH noxoKa 



'1^ ’ 


( 288 ) 


rja,e Vm — CKopocxb HecxecneHHoro noxoKa. 

Ecjih noxoK nocxpoeH c yqexoM cxecHeHHH, sHaqeHHe Vm onpei;ejiHiox 
no KpHBbiM v'm — f (s) HenocpeÄCXBeHHo. 


J 

I 




I 



) 
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3aAaHHe ycJiOBHH b botokc he bxoac h BuxoAe h 3 paöonero KOJieca 
H nocxpoeHHe xpeyrojibHHKOB cKopocTcfi baojib kpomok jionacxH. Pac- 
qex paöoqero KOJieca h npO(J)HjiHpoBaHHe ero jionacxeH oõbWHO Bbinoji- 
HHK)X Ha OnXHMaJIbHbIH pe>KHM, npH KOXOpOM BCJIHqHHa MOMBHXa CKO- 
pocxH Ha BbIXo;^e H3 paöoqero KOJieca MHHHMajibHa hjih paBHa nyjiio. 
ripHHHB 3HaqeHHH npHBCÄeHHblX BeJIHHHH Qlonx, Jllc, H n/onTt 06 lMUH^ 
äjih onxHMajibHoro pen^HMa, BbiqncJiHiox BxoÄHbie Pi h BbixoÄHbie Ps 
yrjibi noxoKa xoqcK nepeceqcHHH KpoMOK JionacxH c jihhhhmh xoKa 
wepHÄHOHajibHoro noxoKa: 


tgPi=v^^>- 

- ^U1 

w 

^ — Vuo ’ 


(289) 


r^e Vm — cKopocxH McpHÄHOHajibHoro noxoKa Ha onxHMajibHOM pejKHMe 
c yqexoM cxcchchkh; u — oKpyjKHaa cKopocxb b paccMaxpHBaeMofi 
XOHKe KpOMKH; üui, üug — OKpyjKHblC COCXaBJIfHOmHC aÖCOJIIOXHOH CKO- 
pocxH Ha bxoäg h Bbixo^e h 3 paöoqero KOJieca. 

B cjiyqae oceBoro BbixoAa noxoKa h 3 paõoqero KOJieca {Vu^ — 0) 
SHaqeHHH Vu^ BbiqncjiHiox npH homouih ypaBHCHHH JI. Sfijiepa 

M = ( 290 ) 


r^e Tjr == 0,92 — 0,94 — xHÄpaBJiHqecKHH KUR Ha onxHMaJibHOM pencHMe. 

KaK noKasajiH SKcnepHMenxajibHbie H':cJieÄOBaHHH, MaxcHMyM KFIXl 
rH.n,poxyp6HHbi HaÖJiiOÄaexcH npH neöojibuiOH noJiOÄHxejibHofi saKpyxKe 

noTOKa y HHJKHero oOo^a (üyr )2 = (0,030,1) h (^^02 = 0 

y BxyjiKH. ripH 3X0M MOMBHX cKopocxH Ha bxoäg b paOoHce KOJieCO 

\gH 

y HHJKHero oöoAa paBen (v^^r)2 =(l,03-f- 1,1) 

rio HaHaeHHbiM 3HaqeHHHM yrjiOB Pi h Pa cxpoax ceqeHHH jionacxn 


noBCpXHOcxHMH xoKa, Hcnojibsya äJIh axoro pasBepxKH KonycoB.^ 
Buõop OToOpaÄaiomHX noBepxHocTefi h nocxpoeHHe npo(})HJieM Jio¬ 
nacxH. OxoöpaH^eHHe npo(})HJieH c pasBepxoK KonycoB na noBepxHocxH 
xoKa (hjih Haoöopox c noBepxHocxefi xoKa na pasBepxKH) bosmohcho 
ÄB yMH cnocoöaMH; KOH(J)opMHoe oxo6pa>KeHHe, npn KoropoM npo(J)HJiH 
Äe^xjpMHpyioxcsi, ho yrjibi ne HCKa>KaioxcH; npHÖJiHÄeHHoe oxoöpance- 
HHe npcxJiHJiH Ha paaBepxKy Konyca c yqexoM nonpaBOK iia HCKajKCHHe 


BxoAHoro H BbixoÄHoro yrjioB jionacxH. 

Cnocoö KOH{J)opMHoro oxoöpajKeHHH AOcxaxoqHo xoqen, ho xpy^o- 
eMOK. nojibsyncb cnocoöoM npHÖJiHHceHHoro oxoõpajKeHHH, mo>kho bh- 
öpaxb xaKoe nojiojKeHHe oöpasyiomeH KOHyca, npH KOTopoM HCKajxe- 
HHe npo(J)HJisi npH nepexoÄe c pasBepxKH Konyca Ha noBepxHocxb xoKa 


Öy^ex MHHHMaJIbHbIM. 

PaccMoxpHM npHÖJiHJKeHHoe oxo6pa>KeHHe ceqeHHH jionacxH c no- 
BepxHocxH xoKa Ha KOHHqecKyio noBepxHocxb h cnocoöbi nocxpoe- 
HHH npo^iHJiefi Ha paanepxKax äJih paöoqnx KOJiec paaJiHqHofi öbicxpo- 


7 7-204 
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xoähocth. Jlioöan KpHBan, jiejKamaa na noBepxHOCTH TOKa (pMC. 94), mo- 
2KeT öfaiTb OTOÖpaÄena na noBepxHocTH KOHyca, ä-hh qero pHÄ tohck 
9TOfi KpHBOH nOCJieÄOBaxeJIbHO nepCHOCHT C nOBCpXHOCTH TOKa Ha KO- 
Hyc. HanpHMep, xoHKy A kphboh AB nepeHocax na noBepxHocxb ko- 


Hyca, coxpaHHH ee paccxoHHHe m oKpyjKHocxH K — K, oömefi äjih 


KOHyca h noBepxHOCXH xoKa. 

ÄHajioxHqHo npo4)HJib, nocxpoeHHbiH na pasBepxKe Konyca, nepeno- 
CHX Ha noBcpxHOcxb xoKa xaKHM oöpasoM, qxoöbi KaK moäho MCHbme 
HCKa^ajiHCb pacqexHbie yrjibi h p 2 JionacxH. Ecjih Bbiöpaxb Konyc, 



Phc. 94. K BHÖopy pasBopa- 
qHBaeMOH noBepxHOcxH Bpa- 
mCHKH. 


KacaxejibHbiH k noBCpxHocxH xoKa na bh- 
xoäo h 3 paöoqero Kojieca, xo yroji P 2 
OÄHHaKOB KaK Ha noBepxHOGXH xoKa. xaK h 
Ha KOHyce. Oo Mepe y^ajieHHH xohkh ox 
oKpy>KHOCTH K — K HCKanceHHe yrjia p 
yBejiHHHBaexcH, npHqeM oho xcm öojibuie, 
qcM yroji P MeHbUie 90°. OoaxoMy npH 
nepexo^e c noBepxHocxH xoKa na KOHHHec- 
Kyio noBepxHocxb Heo6xo;i,HMo yqHXbiBaxb 
3X0 HCKa>KeHHe. npOBOÄHT CHCXeMy pajlH- 
aJIbHblX H ropHSOHXaJIbHHX HJIOCKOCXeÖ, 
B peayjibxaxe na noBepxHocxHX xoKa h 
KOHyca oöpasyioxcH ^Be cexKH. Hs pac- 
cMoxpeHHH pHc. 94 cjie^yex, qxo oxpeaoK 
ab jiHHHH xoKa na noBepxHocxH xoKa h 
KOHyca oöpasyex c ÄyraMH OKpyniHocxefi 
yrJIbl PnoB H Pkoh 



r^e — yroji Menc^y pa^^najibHbiMH hjiockocxhmh; r, Tkoh — xeKyiHHC 
pa;;Hycbi na noBepxHOCXH xoKa h Konyca. 

XaK KaK bc = b c ^ xo tg PnoB ^ kohA^ tg Pkohj oxKy^a cjieji,yeT, 

qxo 

tg Pkoh = 7 -^ tg pnoB- (292) 

^KOH 


Yrjibi Ha pasBepxKe Konyca Bbiqucjiaiox npH homouih cjieÄyiomHX 
Bbipa>KeHHH: 

Ha BXOÄe tgPiKOH tg PinoBpV^ ; 

■^iKOH 

Ha bhxoäg tg P 2 KOH —■ tg P 2 noB* 

HHXie paccMoxpeHbi pasJiHqHbie noBepxHocxH Bpau].eHHH, npHMe- 
HHCMbie npH nocxpoeHHH ceqeHHH jionacxH noBepxHocxHMH xoKa. 
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OõpasywtnoR Konyca mcameAbHa k auhuu moKaemecme ee nepece- 
nenuH c euxodmüKpoMKoü (puc. 95, a, 6). Pa;^HycbI pasBepxKH Konyca: 

^2koh =1 ^2941 

^iKOH = ^2 koh + ^/n» ^ 

r^e 7 — yroji MejK^y oöpaayiomeH KOHyca h ocbio xypÖHHbi; lm — 
ÄJIHHa MepHÄHOHaJIbHOH HpOeKHHH npO<J)HJIH. 

YroJi pasBepxKH Konyca 

ij; = 7sin7, (295) 

TAG X — yroji oxBaxa jionacxH b njiane. 

OõpasywuyiA Konyca nepeceKaetn MepuduoHMAbnyfo npoeKyuto auhuu 
moKa (puc. 95, e). Bbiöop o6pa3yiou].eH Konyca ocymecxBJinexcH xaKHM 
oöpaaoM, qxoöbi ee otkaohchkh ox jihhhh xoKa Ha bxoag h BbixoAe H3 
paöoqero KOJieca öbiJiH paBHbi oxKJioHeHHio b ueHxpaJibHOH qacxH. IlpH 
oxoöpaHceHHH npo4)HJiH c paaBepxKH Konyca na noBepxHocxb xoKa hjih 
Haoöopox cqHxaiox, qxo MepHAHonajibHaH npoeKHHH jihhhh xoKa BbinpHM- 
jiHexcH 6e3 HCKajKeHHH ajihhh. ^xoöbi HCKax^eHHe oxpeaKOB npo^HJiH 
npH nepexoAG na noBepxHocxb xoKa õbijio MHHHMajibHbiM, HcxoAHbie 
xoqKH Ha oöpaayiomHX KOHycoB h na jihhhhx xoKa Bbiönpaiox na oah- 
HaKOBOM paccxoHHHH OX ocH paõoqcro KOJieea Tq = rk. B KaqecxBe hc- 
xoahoh oöbiqHo BbiÖHpaioT xoqKy, r^e pacnojiox^eHa MaKCHMajibHaH 
TOJimHHa npcxJiHJisi. 

PaAHycbi pasBepxKH Konyca: 

/?o = ro/sin7; 

i^iKOH =+ 5o5i; (296) 

■^2koh — -^0 ^ 0 ^ 2 - . 

AnajiornqHo npoBOAHT ceKymHe jiJia Apyrnx noBepXHOcxefi xoKa, 
SaMepHIOX H BbiqHCJIHIOT COOTBeXCTByiOIII.He BeJIHqHHK H CXpOHX pa3- 
BepXKH KOHyCOB. 

JJea ecmpeuHbtx Konyca, KocameAbHUx k noeepxnocmu moKa na exode 
u euxode U3 paõoneeo tcoAeca. XaKoe pacnoJioJKCHHe KonycoB MOH^ex öbixb 
npiiMCHeHO npH npoeKxnpoBaHHH JionacxH xhxoxoahoh paAnajibHO-oce- 
BOH XHApOXypÖHHbl, KOFAa HOBOpOX HOXOKa H3 paAHaJIbHOFO HanpaB- 
jieHHH B oceBoe ocymecTBJinexcH b npeAejiax paöoqero KOJieca. OpH 
3T0M bxoahoh h BbixoAHOH yxjibi npo(j)HJi5i Ha pasBepTKax paBHbi pac- 
qexHbiM BejiHHHHaM, oAHaKo HeHxpajibHan qacxb npoiJiHjiH HCKamaeTcn. 

Bojiee xoqHoe nocxpoeHHe npo(|)HJieH na paaaepxKax KonycoB ocho- 
BaHO Ha KOHipopMHOM oxoöpajKeHHH c yqexoM Ae^pMauHH sjieMenxoB 
JIHHHH TOKa npH HCpexoAe c KOHHqecKOH noBepxHocxH Ha noBepxnocxb 
TOKa. 

npH nocxpoeHHH pasBepxoK KonycoB (ocoöenno b cjiyqae öbicxpo- 
xoAHbix paöoqHX KOJiec) hx paAHycbi R^u R 2 Moryx oKaaaxbcn Aocxa- 
xoqHo öojibiHHMH. B 3X0M GAyqae Ayrn OKpy>KHocxeH aaMeHHiox napa- 
ÖOJiaMH HJIH nOAbSyiOXCH ApyrHMH npHÖAHHieHHblMH CHOCOÖaMK HX 
nocxpoeHHH [3]. 


7 * 
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ZIJ15I nocTpoeHHfl npo(})HJifl Ha paaeepTKe Konyca npoBOÄHX ABe npn- 

MHe: HaBxojienoÄyrJioMPiKOHHHaBbixoÄe noÄ yrJiOM P2K0H 

KOTOpbie coeAHHHioT HJiaBHOH KpHBOH. noJiyqcHHyio JIHHHK) (ÕeCKO- 
HeqHO TOHKHH npO<})HJIb) OÖblHHO npHHHMaiOT 33 JIHUeByK) CTOpOHy npo- 
npH 3T0M KpHBH3Ha npo4)HJiH nojiyHaexcH HecKOJibKo ooJibme, 
TaKOH HepacneTHbiH npHCM npHÖJiHmeHHo yqHTbiBaex bjihhhhb KOHeq- 
Horo qHCJia Jionacxefi na oxKJioHeHHC noxoKa Ha Bbixojie h 3 paooqero 
KOJieca. JIjih nocxpoeHHH npo(})HJiefi KOHeqHofi xojiuxhhbi Ha pasBepx- 
Kax KOHyCOB MOHCHO BOCHOJIbSOBaXbCH saKOHOM paCnp6JI,6JI6HHH XOJI 

mHH, HpeACxaBJieHHbiM B xaöji. 17, hjih HcnoJibsoBaxb ji,aHHbie pacnpe 
jtejieHHH xojiiHHHbi Jionacxefi jiyquiHX paöoqHX KOJiec õjihskoh öbicxpo- 

XOÄHOCXH [3]. 

üocxpoeHHe paÄwajibHbix ceqeHHÖ jionacxH. Ha pasBepxKax npo- 
diHJieft pasJiHqHbix noBepxHocxefi xona onpeÄCJiHiox xohkh nepeceqeHHH 
OitHOHMeHHbIX paÄHaJIbHblX nJIOCKOCXefi C JIHUeBOfi H XfalJIbHOH cxopo 
HaMH npodiHJiefi h nepenocHX hx na jihhhh xoxa MepnjiHOHa.nbHoro no- 
xoKa. TaK, nanpHMep, ceqeHHe I—I nepeceKaex npocJiHJiH b xoqxax, 
pacnoJioHceHHbix na paÄHycax Rji, Rt- 3thmh paÄHycaMH BbinojiHHiox 
saceqKH na oöpasyioiHHX KonycoB; noJiyqeHHbie xohkh nepenocHX na 
noBepxHocTH xoKa, coxpaHaa ycJioBHe paBCHcxBa äJihh s^eMeHxoB jih 
HHfi xoKa Ha KOHyce h noBepxHocxH xoKa (pHC. 95, a , 0 ). CoeuHHHB 
oAHOHMeHHbie xoqKH HJiaBHofi KpHBofl, HOJiyqaiox paja,HajibHbie ceqeHHH 
xbiJibHoft H jiBueBofi üOBepxHocxH jionacxH, HanpHMep, / I h / 


Phc. 95. rioBepxHOCTH BpameHHB, 
BaMeHHKnnHe noBepxnocTH roka: 

a — np34>HJiHp3BaHHe jionacTH npH no- 
MomH KacareJibBbix KOHycoB; 6 — no- 
CTpocHHe npo4)HJiH na pasBepxKe 
KOHyca; e — npo^HJiHpoBanHe jionacTH 
npH noMO^H ceKyii;HX KOHycoe. 

Pacnojiarafl pa^HajibHbiMH 
ceqeHHHMH jionacxH, mohcho 
nOCXpOHXb HpOeKHHH JIHHHH 
xoKa B HJiaHe. IlocxpoeH- 
Hbie paÄHajibHbie ceqeHHH h 
JIHHHH XOKa nOJIHOCTbK) 
onpeACJiHiox (})opMy jionacxH. 

ripH HCnOJIbSOBaHHH ^By- 
MepHblX MexOÄOB npO(J)HJIH- 
poBaHHH paÄHajibHbie ceqe¬ 
HHH ÖecKOHeqHo xohkoö 
jionacxH onpejtejiHioxcH pac- 
qexoM (cm. § 51). IlojiyqeH- 
Hbie pacqexHue jihhhh xoKa 
(cKejiexbi npo(|)HJieH) nepe- 
HocHx Ha pasBepxKH KOHy¬ 
coB H «OÄCBaiox» npo(|)HJieM 
KOHeqHOH XOJIIHHHbl, nOJIb- 
SynCb npHHHXbIM SaKOHOM 
pacnpcÄejieHHH xojiihhh (cm. xaÖJi. 17). Ajih xoro qxoöbi yroji 
ocxaBajicH HensMeHHbiM, na bxoähom yqacxKe npo(J)HJiH npHHHxyio 
xojiiHHHy oxKJia.zibiBaiox no o6e cxopOHbi ox cKejiexHofi jihhhh (pnc. 96). 
rioCXpOHB npOIpHJIH KOHeqHOft XOJIIHHHbl, Ha MepHHHOHaJIbHOH npOCK- 
UHH jionacxH cxpoHx panHajibHbie ceqeHHH xbiJibHofi noBepxHocxH 
(paHHajibHHe ceqeHHH JinneBofi noBepxHocxH nojiyqcHbi pacqexoM). 

ÜocxpoeHHe ropHsoHxajibHwx ceqeHHH jionacxH. JXjia HsroxoBJicHHH 
MOHCJiH jionacxH h maöJioHOB hjih KOHxpoJiH ee noBepxHocxH npn o6- 
paöoxKe cxpoHx ropHsoHxajibHbie ceqeHHH jionacxH (xax HasbmaeMbie 
«HOCKH»). C axoft HCJibK) HcnoJibsyiox CHCxcMy ropHsoHxaJibHbix njioc- 
Kocxefi (ceqeHHH 0 — 0'-, 1 — 1' h x. h-)* Tohkh nepeceqcHHH ropnaoHxajib- 
Hbix ceqeHHH c panHajibHbiMH ceqcHHHMH JionacxH b MepHHHOHajibHoft 
HJIOCKOCXH nepCHOCHX Ha HJiaH H COCHHHHIOX HJiaBHblMH KpHBbIMH. Ha 
xeopexHqecKOM qepxe^xe JionacxH BbiqepqHBaiox MepHflHonajibHyio npo- 
CKHiHo, njiaH JionacTH h ee ropH30HxajibHbie ceqeHHH (cm. pnc. 102). 

^xoöbi npaBHjibHo ycxaHOBHXb jionacxH b paöoqeM KOJiece, neodxo- 
ähmo onpe^ejiHXb pacqexHbie snaqeHHH paccxoHHHfi Me>K;i.y cocejiHHMH 
JIOnaCXHMH (paCCXOHHHH B CBexy Cg) BJ^OJIb BblXOÄHOH KpOMKH. O^HH 
H3 cnocoöoB onpejiejieHHH sHaqcHHfi ocHOBan na nocxpoeHHH na pas- 
BepxKax ceKymHx KonycoB BbIXo;^HbIX sjieMeHxoB Jionacxefi (pnc. 95, ä), 

pacnoJiOÄCHHbix Ha paccxoHHHH mara t = . Kpaxqafimee paccxoH- 

HHe uemjiy xoqKoft Ha jiHueBofi nOBcpxHOCxH JionacxH na BbixoAe H3 
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paöotiero KOJieca h ToaKoft Ha XHJibHOft noBepxHocxH co^eft aona- 
CTH npeACxaBJiaex co6ofl paccxosHHe b csexy (pHC. 97). OÖpaayiomHe 
ceKyiUHX KOHycoB npoBOÄHx qepea ToqKH nepeceHCHHH jihhhh TOKa 



PhC. 96. riOCTpoeHHC npO^HJIH KOHeMHOft TOJimHHbl Ka paSBepTKC 


KOHyca. 


H-H 


l-l 



m-m 



Phc. 97. OnpeÄCJieHHe paccTOKHHii b CBexy MejKAy JionacxHMH pa6o- 

qero KOJieca. 


c BbixoÄHofi KpOMKOH, nepneHAHKyjiHpHo K nocJieÄHefl. Ha nepie^e 
pa6o*iero KOJieca yKasHBaioT sHaneHHH paccTOHHHH b cBCxy 0,2 Bjtojib 
BblXOÄHOH KpOMKH H paAHyCOB TO*ieK, B KOTOpblX paCCTOHHHB B CBCXy 

onpeAeJiHJiHCb (pHc. 97). 
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§ 51. npo4>n.g:iipoBaHne jionacTH 
B noTeHB;najiBHOM Mepn;anoHajiBHOM noxoKe. 

IlpBMep pac^exa 

Oömaa nocxanoBKa nocxpoeHHB 4)opMbi JionacxH b occchm- 

MexpHqHOM noxoKC H3Jiox<eHa b §14 h 16. üpn sa^aHHOM MepH;^HO- 
HajibHOM noxoKC H npHHHXbix rpaHHqHbix ycjioBHHX npH noMomH ^By- 
MepHbix MexoÄOB MOÄHO pacnexHbiM nyxeM nocxpoHXb, b qacxHocxH, 
öecKOHeHHo xoHKyio jionacxb. HacxHbiM cjiyqaeM pemeHHH oöpaxHofi 
ocecHMMCxpHqHOH 3a;i,aiiH HBJiHexcH npoeKXHpoBaHHe öecKOHe^Ho xoh- 
KOH JionacxH npn noMomn Mexo^a Bay9pc(J)ejib;i,a, b KOXOpoM öecKoneqHo 



Phc. 98. BnxpeBbie npHcoeÄHHeHHbie jihhhh jionacxn: 

a ^ noxeHUHajibHbift MepH;iHOHajibHbi.ft noxoK; 6 — BHxpeBOÖ McpHÄHOHajibHbjfi 

noxoK. 

xoHKaB Jionacxb paccMaxpHBaexcH KaK BHxpeBan noBepxHocxb, a Me- 
pHÄHOHajibHbiH noTOK B paäo^cM KOJiece npHHHMaexcH noxeHunajib- 
HbiM [7]. OcHOBHbie ÄonymeHHH axoro Mexc^a, KoxopuH ÄOcxaxoqHo 
iiiHpOKO npHMeHBexcH B npaKXHKe pacnexa paAHajibHo-oceBbix pa6o- 
qHx KOJiec, cjieAyiomHe: 

1. MepHAHonajibHbiH noxoK b bojiocxh paöo^ero KOJieca npHHH- 
MaioT noxeHUHajibHbiM = 0. TaK khk noxoK b paöo^CM KOJiece npe^- 
nojiaraexcH ocecHMMeTpH^iHbiH, xo jihhhh xoKa MepiiÄHOHajibHoro no- 
xoKa HBJiHioTCH oöpasyiomHMH noBepxHOCxefi xoKa. B npoHecce pac- 
Hexa onpenejiHiox (jiopMy ceqeHHH öecKOHCHHo xohkoö jionacxH oce- 
CHMMexpHHHblMH HOBepXHOCXHMH XOKa. 

2. Jionacxb paccMaxpHBaexcH khk BHxpeBan noBepxHOcxb; b cjiy- 

nae = 0 npHcoe;i.HHeHHbie BHxpeBbie jihhhh (Q = + Qz) 
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Jie>KaT B MCpHÄHOHaJlbHOfi nJIOCKOCTH, TaK KaK HCXOÄHbIH MepHÄHO- 
HajibHbiH noTOK npHHHMaercH noTeHUHajibHbiM (pHc. 98, a). 

3. Ha paccMorpeHHH ypaBHCHHfi nJiocKOH npHcoeÄHHeHHoft BHxpe- 
EOH jiHHHH Qrdz — ^zdr = 0 nOCJIC nOÄCraHOBKH KOMnOHCHTOB BHXpH 




d( vuT) 


H = 


cJieflyeT 


d (ü„r) 


dz + 


d (Vur) 


dr = 0, T. 


d (Vgr) 
rdr 


vj = const. 


TaKHM OÖpaaOM.BÄOJIb BHXpeBOÖ JIHHHH MOMGHT CKOpOCTH nOCTOHHeH. 
3 to \T'BepÄÄeHHe cnpaBCÄJiHBO TaKJKC h npocTpaHCTBeHHoft npH- 


COeÄHHeHHOH BHXpeBOH JIHHHH (pHC. 



98, 6), nocKOJibKy b ocecHMMerpHH- 
HOM noTOKe d {üur)lrd 6 = 0. 

4. Ha npeÄnojiOÄCHHH = 0 
cjieÄyer TaKxte, hto yroji A,=0, h 
BHxpeBbie JIHHHH (t;j^r)=const cob- 
na^aiOT cpaABaJibHbiMH ceqcHHHMH 

jionacTH^=const (pHc. 99). Cjicäo- 

BaxeJIbHO, MOMCHT CKOpOCTH B pa- 
ÖOHCM KOJiece HaMeHHCTca npH ne- 
pexoAe OT OÄHoro paanajibHoro 


Phc. 99. CeqcHHe jionacTH noBepxHocTbio ceqeHHH JionacTH K ÄpyroMy, T. e. 
BpamcHHH Our — const, cjiyqafi xJuf — /(x)* TaKHM OÕpaaOM, JIO- 


nacTb aaKJHOHCHa MOK^y paÄHajib- 


HblMH riJIOCKOCTHMH, OTCTOHLU,HMH Äpyr OT ^pyra Ha yrOJI OXBaxa 
riOSTOMy BXOÄHaa H BblXOAHaa KpOMKH JIOnaCTH, CnpO(J)HJIHpOBaHHOH 
B nOTCHUHaJIbHOM MCpHÄHOHaJIbHOM nOTOKC Qu = 0, pacnOJIOJKCHbl B 


paÄHaJIbHbIX HJIOCKOCTHX. 

npo4)HJIHpOBaHHe JIOnaCTH B OCeCHMMexpHHHOM nOTOKC BbinOJI- 
HHCTCH corjiacHO nojiyqcHHOH panee aaBHCHMOcxH (cm. § 16) 



npK nOMOmH KOXOpOH CTpOHX pajlHaJIbHblC CeHCHHH JIonaCTH. 

JXji5i OÄHOSHaHHoro onpeaeJicHHH noBcpxHocxH jionacxH hcoöxoähmo 
aa^axbCH rpanH^HbiMH ycJioBHHMH: {Vur)i = constj B^oJib bxoähoh 
KpOMKH H (Vur)2 = COnst2 HJIH (t^«r)2 = 0 B^OJIb BHXOäHOH KpOMKH JIO- 
nacxH. KpoMC xoro, Haanaqaiox npeÄCJibi HHxerpHpoBaHHH ÄH(J)4)epeH- 
UHaJIbHOrO ypaBHCHHH JIHHHH XOKa — J!I,JIHHy rpaHHHHOH JIHHHH TOKa 
lm H XapaKXep HaMeHCHHH MOMCHXa CKOpOCXH Vur = f (s) BÄOJIb JIHHHH 
XOKa y o6o;i,a hjih BxyjiKH paöoHcro KOJieca. HpHHHXbiH aaKOH cpaöoxKH 
MOMCHXa CKOpOCXH cymeCXBCHHO BJIHHCX Ha (^OpMy JIOnaCXH H, CJICäO- 
BaxcjibHO, Ha xapaKxepHcxHKH paöonero KOJieca h xHÄpoxypÖHHbi 
B HCJIOM. 

KaK noKaabiBaiox SKcnepHMCHxajibHbie h pacHexHbie HCCJiCÄOBaHHH 
paa,HajibHO-oceBHX paöoHHX kojicc, npn 3aa,aHHH ^opMbi kphboh Vur = 
= / (s) (pHC. 101) cjiCAyex yHHXbiBaxb oqepxaHHH hojiocth, pacnoJio- 
ÄCHHe JionacTH b iiojiocth paöoqero KOJieca, hhcjio Jioriacxefi, pacnpe- 
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JteJICHHC TOJimHHbl BÄOJIb HpO^lBJieH Ha nOBCpXHOCTH XOKa H Äp- ripH- 
HHXbiH aaKOH cpaöoxKH MOMCHxa cKopocxH Vur — f{s) ;^oJIÄeH oöecne- 
HHXb peKOMCHÄyeMbiH yxoJi OXBaxa JionacxH (cm. xaÖJiHny 16), ee njiaB- 
Hyio noBepxHocxb h, b KOHeqnoM Hxore, BbicoKHe 3HeproKaBHxauHOH- 
Hbie noKaaaxejiH paöoqero KOJieca. 

nocJieAOBaxejibHOCTb npo^HJiHpoeaHHfl õecKOHCHHO tohkom Jiona¬ 
cTH npH noMoi4H MexoÄa Eayapc^ejibAa. 1. Ha aaÄaHHbiö pacqexHbiH 
Hanop H HOMHHajibHyio Momnocxb xypÖHHbi corjiacHo peKOMeHÄauHHM 
HOMCHKJiaxypbi npHHHMaioT aHaqeHHH npHBCÄeHHbix BejiHHHH pacxojia 
H oöopoxoB ;i,jiH onxHMajibHoro pejKHMa, na KoxopbiH paccHHXbiBaiox 
paöoqee KOJieco. 


J. j.p*jvpMjijnputsaHiic »je\.,n.ün.c;'irnj XunKOti JlOllödM 


aaKjiRjnaeioi 


B onpeÄCJieHHH ceqeHHH JionacxH noBepxHocxHMH xoKa, oöpaaoBan- 
HblMH JIHHHHMH XOKa HOXeHHHaJIbHOXO MepHÄHOHaJIbHOXO HOXOKa. Ho- 


axoMy pacqex naqHHaiox c nocxpoeHHH noTeHii.HajibHoro MepHj;HOHajib- 
Horo HOXOKa. IlocxpoeHHe BbinoJiHHiox b hojiocth paöoqero KOJieca 
ÄHaMexpoM Z)i = 1000 mm (Ml ; 1) npH H = \ m. 

3. BbiÖHpaiox 4)opMy bxojihoh KpoMKH JionacxH h ^JiHHy MepH;i,HO- 
HajibHOH npoeKHHH jionacxH Ha BxyjiKe hjih oöoäg paöoqero KOJieca, 
pyKOBOÄCXByacb npn axoM cooöpaxieHHHMH oöecneqeHHH npneMJieMbix 


KaBHxaHHOHHbix KaqccxB H ÄonycKaeMbix HanpHJKCHHH b jionacxHx pa- 
öoqero KOJieca. Ha o6oÄe sejiHqHHa lm = (0,14 ~ 0.24) Di h aaBHCHx 
ox öbicxpoxoÄHOcxH HpoeKXHpycMoro paöoqero KOJieca. 

4. XtjiH HocxpoeHHH panHajibHUx ceqeHHH jionacxH cxpoHX bchomo- 
raxejibHbie KpHBbie r^v^ = / (s) h = f (s) äjih Bcex jihhhh xoKa Ha 
aaÄaHHbie pacqexHbie napaMexpbi h n[. 

5. Sa^aEOT (fiopMy KpHBoö v^r = f{s) b^ojib jihhhh xoKa na BxyjiKe 
HJIH o6oj;e. npHHHB «HopMajibHbiH blixoä» H3 paöoqcro KOJieca 

^ 0)» onpe^ejüHOT BejinqHHy MOMenxa cKopocxH Ha bxoäg 
M ejKjty HaBecxHbiMH SHaqeHHHMH {v^r)^ h {v^r )2 npo- 
BOÄHT HJiaBHyiO KpHB>TO VJ = f{s) (pHC. 101). 

6. Onpeja,ejiHK)X yroJi oxBaxa ^ JionacxH b njiaHe, HHxerpupyji ypae- 
HCHHe (104), 



Hjih BbiqHCjieHiiH BenHHiiHbi 7 rpaHiiHHyio jihhhk) xoKa paaönBaioT 
Ha pHÄ yqacxKOB (nanpuMep, As ^ 20 mm), h ÄJiHueHxpoB xhjkccxh ox- 
peSKOB As HaxojlHX SHaqeHHH Vur, h r^v^ (piic. 100 ). CyMMiipyH 
HafuenHbie BejinqnHbi Ay äjih n yqacxKOB As, onpCÄejiHiox yroji oxBaxa 
jTonacxH y=f (s) (cM. xaö.i. 19). Ecjih nojiyqeHHan BeaiiqiiHa yxjia hc- 
npneMJieMa, aa^aiox Apyryio ^opMy kphboh = /(s) h pacnex noBxo- 
pHK)x. SaBHCHMOcxH = /(s) ü X = f (s) HcpecxpaHBaiox H nojiyqaiox 
KpHByio Vur = / (y), oömyio äJih Bcex paccHHXbiBaeMbix npoAHJieö 
(pHC. 101 .) 


7. ripH noMoiHH KpHBOH Vur = f (y) cxpoHx paÄHajibHbic ceqeHHH 
JionacxH. ÜJiH axoro Ha njiane npoBOjiHx paÄHaJibHbie hjiockocxh qepea 
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Ax = 5°; Ha BXOAe hjiockogth npoBOÄflT ryiue, qepes A^ = 1° -i- 2°. 
OpH nOMOLHH SaBHCHMOCTH (104) MeXOÄOM HOCJieÄOBaTenbHfclX npHÖJIH- 
JKCHHH onpeAejiHiöT orpesKH Ast Ha Bcex jihhhhx xoKa, npH Koxopbix 
3X0 ypäBHeHHe npeBpamaexcH b xojkäccxbo (oxJiHHHe iviejKÄy npHHH- 
XMMH H nOJiyneHHblMH SHaneHHHMH OXpeSKOB ASi äOJIJKHO ÖblXb He 6o- 
jiee 3%). CoeÄHHHH kohum oxpesKOB Asf, BbiHHCJieHHbix ä-hh pasHbix 
jiHHHH xoKa, cxpOHX ceHeHHe /— I (BXOÄHaH KpoMKa oõosHaHena KaK 

ceqeHHe 0 — 0). ÄHajiorHHHo cxpoHX 

^ _ocxajibHbie pa^HajibHbie ceqeHHH (cm. 

npHMep pacqexa, xaöji. 20). llocjieÄ- 
Hee paÄHaJibHoe ceqeHHe npcÄCxaB- 
JIHex COÖOH BblXOÄHyiO KpOMKy Jio- 
nacxH. 

8. BbiqepqHBaiox ropHSOHxajibHyio 
npoeKHHK) jionacxH. ^xoöbi nocxpo- 
HXb ropH30HxajibHbie npoeKUHH rpa- 
HHHHbix noBepxHOcxefl xoKa (oöoAa 
H BxyjiKH), Ha jiyqax 0 — 0; I —/, 
II — II H X. Ä- ÄCJiaiox saceHKH npH 
noMomH paÄHycoB /•*, na Koxopbix 
pacnojiOHceHbi xohkh paAHaJibHbix 
ceqeHHH. AHajiorHHHo mojkho nocxpo- 
_ HXb ropHSOHxajibHbie npocKUHH oc- 
xaJIbHblX JIHHHH TOKa. TaKHM o6pa- 
30M, noBepxHOCxb jionacxH onpeÄCJie- 
Ha B npocxpaHcxBe npHcoeAHHeHHbiMH 
BHXpeBbIMH JIHHHHMH (paÄHaJIbHbIMH 
jj--- ceqeHHHMH) h jihhhhmh xoKa oxhoch- 

' TCJibHoro noxoKa. 

^ riojiyneHHaH Jionacxb hbjihcx- 

öecKOHeqHO xohkoh, xaK khk 
onpeÄCJieHa b npeÄnojio>KeHHH z = 
^ = oo. JXjih nocxpocHHH JionacxH 

M KOHCHHOH xojimHHbi KaH<xi.oe ceqeHHe 

Phc. 100. noCTpoenne paAWaJIbHUX «OÄGBaiOX» npO(}3HJieM KOHCHHOH XOJI- 
ceqeHHÖ jionacTH. lUHHbl. C 3T0H ueJIbK) BblÖHpaiOX ce- 

KyiHHe KOHyca, saMCHHioinHe KpHBO- 
JIHHCHHbie nOBepXHOCXH XOKa, CXpOHX HX paSBCpXKH H Ha HHX nepCHO- 
CHx pacqexHbie öecKOHCHHo xohkhc npo(|)HJiH. PaaBepnyxbie jihhhh 
xoKa npHHHMaiox sa JiHueByio cxopony npoc^HJieö. FTocxpoHB Ha pasBcpx- 
Kax npo(})HJiH kohchhoh xojimHHbi, npHCxynaiox b oöpaxHOM nopn^Ke 
K nocxpoeHHK) paAHajibHbix ceqcHHH xbiJibHOH noBepXHOcxn jionacxH. 

10. riocxpoeHHe ropHSOHxajibHbix ceqeHHH JionacxH, onpe^ejieHHe 
paccxoHHHH B CBCxy MCJKAy JionacxHMH, HsroxoBjieHHe qepxe>Ka Jio¬ 
nacxH H paöoqero KOJieca BbinojiHHiox anajiorHHHO xöMy, KaK axo onn- 
caHo B § 50. 

TaK KaK paöoqee KOJieco hmccx KonenHoe hhcjio Jionacxeö onpe^e- 
jieHHoft xojiLUHHbi, MepHÄHOHajibHbie cpcÄHHe CKOpocxH B ero KaHa.nax 


obc d e 




100. npcTpoenHC pa^HaJibHux 
ceqeHHÖ jionacra. 


HecKOJibKO OoJibUie no cpaBHCHHio c hcxoähbimh SHaneHHHMH. FIpH 
yqexe cxcchchkh noxoKa HeoöxoÄHMo hbhxh HOBbie nonepxHOCXH xoKa. 
O^HaKO B nepBOM npHÖJIHJKCHHH MOHCHO COXpaHHXb HCXOÄHHe JIHHHH 
TOKa, nojiyqcHHbie öes yqexa cxcchchkh. Khk noKasHBaex onbix- npocK- 
THpOBaHHH paöoqHX KOJiec npH noMomn MexoÄa Bay3pc4)eJibÄa c yqe- 
TOM cxecHCHHH, HX sHcprexHqecKHe h KaBHxauHOHHbie noKaaaxejiH äo- 
cxaxoqHO bbicokh, a coBna^eHHe pacqexHbix h sKcnepHMeHxajibHbix 
SHaqeHHH npuBe^cHHoro pacxoAa h oöopoxoB BnojiHe yÄOB^exBopHxeJib- 
Hoe. B HacxoHmee BpeMH MexoÄ npoiJiHJiHpoBaHHH Jionacxefi b noxcH- 
UHajibHOM MepHÄHOHajibHOM noxoKC c yqexoM ero cxecHeHHH noJiyqHJi 
b oxeqecxBeHHOH npaKXHKe uinpoKoe npHMeneHHe. 

npO$HJIHpOBaHHe JIOnaCTH B ^OTeH^HaJIbHOM MepHAHOHaJIbHOM no- 
TOKe c yqexoM cxecHeHHH jionacxHMH KOHeqHofi tojhuhhk. flpH yqexe 
cxecHeHHH ocpeÄHeHHbiH B OKpy>KHOM HanpaBJieHHH noxoK CHHxaexcH 
nO-npeJKHCMy OCeCHMMCXpHqHblM, O^HaKO CKOpOCXH Vm CTCCHCHHOrO no- 
TOKa öoJibine. CKOpocxb MepHÄHOHajibHoro noxoKa npH öecKOHeqHO 
TOHKHX JlOnaCXHX (cm. § 17 ) 

_ dQ 
2nrdn 


JXjih KOHeqHoro qncjia xejiecHbix Jionacxefi (pHC. 93 ) MepHÄHonajib- 
Han CKOpocxb noxoKa npH xom me pacxoAe ynejiHqHBaexcH: 



dQ 



(297) 


6 — xojimHHa jionacxH b AaHHofi xoqne. 

Ha ycjioBHH oöecneqeHHH saAaHHoro pacqexHoro pacxo^a BbixeKaex 
CBHSfa Mexcny ckopocxhmh cxecHeHHoro h HecxecHeHHoro noxoKOB 17 ]: 

< = --• <298) 

27ir sin p 


2 

B ypäBHeHHe ( 298 ) 

H o 6 o 3 HaqHB zhl 2 nr = K, b pesyjibxaxe npeoöpasosaHHfi no.fiyqaK)T 
BbipaÄeHHe ajih onpeAejieHHH CKopocxH v^: 


rioAcxaBJiHH SHaqeHHe ■ • ^ n - = V l + (^^) 

Sin P \ Vrn } 



rjie Vm — CKopocTb HecTecHeHHoro noroKa b paccMaxpHBaeMOH to^kb. 

BejiHqHHa /C npn npHHHxoM saKone pacnpeACJieHHH xojiluhhh baojib 
npo(|)HjiH 6 = / (s) H3BecxHa b Jiioöofi xoqxe na pacqexHofi jihhhh xoKa 
(pHC. 101). HcnoJibsyn AH^DiJiepeHHHajibHoe ypaBHCHHe jihhhh xoKa 


ds = 


Vut — 


(300) 


BbinojiHHiox npo(})HJiHpoBaHHe jionacxH b xofi Hce nocjieAOBaxejibHocxH, 
KaK H AJiH cjiyqaa 2 = oo. Ha hcxoahoö jihhhh xoKa onpeAejiniox yroji 
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oxBara JionacTH 7 . Ot npHHHXofi bxoähoh KpoMKii JionacTH OTKjiaÄbi- 
BaiOT OTpeSKH As npHHHTOH AJlHHbl (HanpHMcp, As = 20 mm). JXjIü 
cepe;^HH oTpesKoe As b taöJiHuy sanHCbiBaioT SHaqeHHH Vm, Vur, 6 h Äpy- 
THX B pesyjibTaTC pac^exa nojiyqaiOT saBHCHMocTb x = / 

paCTeTHofi jiHHHH TOKa; HcnojibsyH KpHsbie Vur = /(s) h X = f(s), 
crpoHT KpHByK) Vur = /(X). /I^aJiee nepexoAax k nocxpoeHHio paAwaJib- 
HHX ce^eHHH jionacxH. JXnsi axoro na Bcex jihhhhx xoKa npH npHHsxbix 
sHa^eHHHX A 7 = 3 “ 5° BbmHCJiHiOT BejiH^HHbi Asi, Hcnojibsyn aasH- 
CHMOCXb (300). 

ripH noMOLHH paÄHajibHbix ceqcHHH JionacxH 7 = const mo>kho no- 
cxpoHXfa npoeKUHH JIHHHH xoKa B HJiaHe; MepHAHOHajibHbie npoeKUHH 
JIHHHH XOKa HSBeCXHbl H 3 HOcxpoeHHH HOXeHUHaJIbHOrO nOXOKa. 

HnjKe npHBeAeH npHMep pacnexa JionacxH mbxoäom BayspciJieJibAa 
c ynexoM cxccHennn noxoKa JionacxHMH KOHenHOH xojimnHbi. 


npHMep pacHexa paConero Koaeca paAHaJibHO-ocesoH rHAporypÕHHbi. H c x o a- 

TTPWfi f,T<^ P-f — CA K <<• u nc tr i?c 

n-l>lw 1 ^^ITiaX — ~ 

Np = 51,5 Mem. 

Ha aaAaHHbiH AHanaaoH nanopoB /f = 95 65 m b cootbctctbhh c peKOMen- 

AaUHflMH HOMeHKJiaTypbi rH;g)OTyp6HH opHeHTHpoBo^jHO BbiÕHpaeM nojiocTb paöoqero 
KOjieca POI 15/697, h SHa^eHHa npHBeAeHHbix Be;iHqHH. OripeAejisnor AHaMerp pa6o- 
aero KOJieca, CHHxpoHHyio aacTory BpamcHHa h Bbicoxy OTcacbmaHHK rHApoTypÖHHbi. 

B COOTBCTCTBHH c pacqcTaMH saAaHHaa pacacTnaa moiahoctl oÖecneqHBacTca 
TypÖHHofl c AHaMCTpoM paöoqcro KÕJieca = 2500 mm npH n = 250 o6/muh 
H Hs = — 3 M. 

.ZlJia oÖecneqcHHa pacacTHofi moiahocth TypÖHHbi AnaMCTpoM Dj = 2,5 m hcoÖ- 
xoAHM npHBCAeHHbifi pacxoA 

__ 51500 _ 

' 9,81 . 2 . 52 .86.5 iXseiŠ. 0,93 ~ ’ 

npH npHHatoH cHHxpoHHofl qacTOTC BpamcHHa tl = 250 oõjuun npHBCAeHHue 
OÖOpOTbl 

, nDi 250 - 2,5 ^ 

«I = —F=- = —— = bS.ÖOOlMUH. 

' Vh^ fi6,5 


68,3 oõImuh. 


PacHCT pa« 5 oqero KOJieca BbinojiHCH na npcAnoJiaraeMbifi onTHMaJibHbifi pejKHM 
Qj = 1000 jilc\ n[ = 70 oõjMUH. 

SaAaHHC HcxOAHbix BejiHMHH H pacqcTHbix napaMCTpoB: 
ycjioBHbiH pacqcTHbiH AHaMCTp pa 6 oqern KOJieca £> 1=1 jm; ycnoBHbiH pacqcTHbiH 
Hanop H = \ M] pacqcTHbiH pacxoA Q = < 3 i' onr = ^000 a/c; pacqetHie npHECAeH- 
Hbie oöopoTbi nj^^,j ,=:70 oõ/muh; yr.iOBaa CKOpocTb BpamCHHa w = jtnj /30 = 

= 7,32 l/c; oqepTaKHC wepHAHOHajibHOH ripocKaHH paöoqero KOjieca npHHHTO b coot- 
BCTCTBHH C HOMCHKJiaTVpHblM paÖOqHM KO.ieCOM PO 1 15/697 (pHC. 88 ) (AJIHHa JIHHHH 
TOKa y BTyjiKH /„j = 170 ; rHApaB.iHqecKHH KH/], rjj, = 0 , 92 ; noTCHUHaJibHbiH 

McpHAHOHajibHbiH HOTOK HOCTpocH AJ 5 a pacxofla Qj' = 1000 a/c (pHc. 90 ); qnc.uo 
.TonacTCH {z= 14 ) h hx MaKCHMa-ibuaa TO.iuiHHa (ö,nax ^ -^*^0 npHHaTbi c yqcTOM 

TpeöoBauHH npoqHocTH paÖoqero KOJieca. 3 aKOH pacnpcAcjicHHa tojhuhh JionacTii 
BAOJIb JIHHHH TOKa HpHHBT OAHHaiCOBhiM AJIH BCCX nOECpXHOCTCH TOKa (Tad^T. l 7 ). 

npO^HJIHpOBaHHC JIOnaCTH. 1 . nOJIOHCeUHC BXOAHOÖ KpCMKH Ha HHvK- 
]:eM oõoAe (JiHKCHpyercH HOMHHajjbHbiM AHaMcrpoM paöoqero KO-ueca Dj (pHc. 100 ). 
ToHKy BXOAHOH KpOMKH Ha BTyjlKC MOJKHO nepCMCmaTb B HCKOTOpbX npCACJiaX, 

OAHaKo, ECJiHqHHa HC AoJiJKHa CbiTb xiCHhuie SHaqcHHa, onpcAejiaexoro ne ycjio- 
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BHa paAHajibHoro BxoAa noTona na jionacTb. B AaHHOM'cjiyqae Rl 


=-^]/ 0,92 • 9,81 • 1 = 0 , 41 . (ripHHHTO /?i'= 415 mm). OpoBOABT nJiaBHyio 

BXOAHyio KpoMKy qepea tohkh Ha BcpxHCM h hhjkhcm odoAax, opHCHTHpyacb 
Ha HOMCHKJiaTypHbie paöoqHC KOJieca 6 .ih3koh ömctpoxoahocth; npH homoihh aaBH- 
CHMocTH ( 289 ) BbiqHcJiHKJT 3HaqeHHa yrJioB b Toqxax nepeceqeHHa bxoähoh 
K pOMKH C JIHHHaMH TOKa MCpHÄHOHaJIbHOrO HOTOKa. OÖblHHO yrOJI Pi HJiaBHO yBCJlH- 

qHBacTca ot oöoah ko BTyjiKC h HaxoAHTca b onpcAeJiCHHUx npcACJiax (cm. § 50 ). 

JIjIH AOCTHHtCHHa peKOMCHÄyeMhlX BCJIHqHH yPJIOB Pi H OÖCCneqCHHa nJiaBHOCTH HX H3- 
MCHCHHa BAOJIb BXOAHOÖ KpOMKH pacqCTbl BUnOJlHaiOT AJI» HCCKOAbKHX OqcpTaHHH BXOÄ* 
HOH KpoMKH. PacqeTHbie AaHHbie npHHHToro BapHaHTa KpoMKH noMcmcHtJ b TaÖJi. 18 . 


TaõAuvfl 18 . BbiHHCJieHHe bxoähwx yrjiOB jionacTH ajih cjiyqaa = 0 



0 10 20 50 m 50 60 70 60 90 100 110 120 150 140 150 5 ,hm 


Phc. 101 . OnpcAeJicHHC yrjia oxBara jionacTH b nJiaHc. 
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0 

0,01 
0,02 
0,03 
0,04 
0 05 

5iÕ6 

0,07 

0,08 

0,09 

0,1 

0,11 

0,12 

0,13 

0,14 

0,15 

0,16 

0.17 


0,005 

0,015 

0,025 

0,035 

0,045 

n 

0,065 

0,075 

0,085 

0,095 

0,105 

0,115 

0,125 

0,135 

0,145 

0,155 

0,165 


0,698 
0,682 
0,66 
0,637 
0,626 
n Pf\A 

0,593 

0,581 

0,576 

0,571 

0,565 

0,56 

0,56 

0,56 

0,545 

0,542 

0,537 


0,698 

0,682 

0,66 

0,637 

0,626 

0,604 

0,593 

0,581 

0,576 

0,571 

0,565 

0,56 

0,56 

ft56 

0,545 

0,542 

0,537 


0,41 

0,4 

0,39 

0,38 

0,37 

0,36 

0,35 

0,34 

0,33 

0,32 

0,31 

0,29 

!0,281 


0,168 
0,16 
0,1521 
0,144 
0,1369 
0,1296 
0,1225 
0,1156 
0,1089 
0,1024 
0,0961 
0,09 
0,09 


0.2715 0,0844 
0,2622 0,078 
0.25 3 0,073 
0.25190,064 


1.2 

1,105 

0,985 

0,835 

0,715 

0,61 

0,62 

0,44 

0,375 

0,33 

0,29 

0,265 

0,22 

0.175 

0,16 

0,085 

0,03 


0,15 

0,16 

0,32 

0,55 

0,88 

1,34 

2,01 

2,57 

3,0 

3,56 

3,99 

4,54 

5,07 

5,59 

6,09 

6,954 

7,086 


0,00378 

0,0041 

0,0156 

0,0437 

0,106 

0,232 

0.498 

0.764 

0,985 

1.3 

1.54 

1,85 

2,16 

2,46 

2,71 

2,97 

3,21 


0,0245 

0,0255 

0,026 

0,0265 

0,0267 

0,0268 

0,0267 

0,026 

0,0255 

0,024 

0,022 

0,0145 

0,022 

0,0145 

0.0095 

0,065 

0,0015 


0,0546 

0,0568 

0,058 

0.0591 

0,0596 

0,0598 

0,0602 

0.0598 

0,0591 

0,058 

0,0568 

0,0535 

0,0491 

0,0323 

0,0212 

0,0145 

0,00335 


npHMeqaHHH. B KBa;y3aTHbix CKOÖKax yxaaaHa HyMepauHji rpacj), h 3 

2. Sa^aiOT (}x)pMy kphboh vj — f{s) äjih jihhhh TOKa na BTyjixe (pHc. 101). 

ripH ycjiOBHH HopMajibHoro BbixOÄa H 3 paõoiero KOJieca {vur)2 = 0 momcht cKopocTH 
noTOKa Ha Bxo^e b paOo^iee KOJieco onpeÄejiHCTCH no ^wpMyjie 

, , 0,92 - 9,81 . 1 

~ ~ 1,231 

CI) 7,32 

3 . ripHHHB 3 aKOH H 3 MeHeHHH TOJIIHHHbl JIOnaCTH B;i,OJlb HCXOflHOH JIHHHH TOKS 
® = / (s), HHTerpnpywT ypaBHeHne ( 104 ) b^ojib jihhhh TOKa Ha BTXviKe (/^ = 170 mm) 
H onpeÄeJiHKDT yroji oxBara .nonacTH 




= 1,231 M^lc. 


) r‘v' 


MHTerpHpoBaHHe Bbino.iHHioT HHCJieHHbiM MeroflOM (Taöji. 19). B KaTOCTBe naqajib- 
HOH npHHHTa TOqKa na BXOäHOH KpOMKC JIOnaCTH, OT KOTOpOH OTJIOJKeHH BAOJIb 
.QHHHH TOM OTpesKH As = 10 MM. B pesyjibTaxe pacqera nojiyqaiOT saBHCHMOCTb 
CrpoHT KpHBbie Vur=f(x) h b = f (y) (pHc. 101), OÄHKaKOBbie ;];jih Bcex 
JIHHHH TOKa, npH HOMOiuH KOTopbix MOTOflOM nocjieÄOBaTCJibHbix npHÖJiHJKeHHH onpe- 
ÄejiHiOT OTpesKH As Ha jihhhhx tokh h BbiqepqHBawT pa^HajibHbie ceqeHHH JionacTB 
(laOji. 20, PHC. 100). 
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0,133 

0,1395 

0,149 

0,1555 

0,161 

0,166 

0,172 

0,176 

0,179 

0,181 

0,183 

0,1845 

0,1755 

0,115 

0,078 

0,0554 

0,0132 


0,9823 

0,9805 

0,9778 

0,975 

0,9741 

0,9725 

0,9704 

0,969 

0,968 

0,9672 

0,9665 

0,966 

0,9783 

0,988 

0,9939 

0,997 

0,998 




13 14 15 16 


0,71 

0,697 

0,676 

0,654 

0,644 

0,621 

0,612 

0,6 

0,596 

0,591 

0,585 

0,579 

0,548 

0,568 

0,552 

0,544 

0,54 


0,507 

0,487 

0,457 

0,426 

0,414 

0,385 

0,375 

0,36 

0,355 

0,35 

0,342 

0,335 

0,334 

0,322 

0,305 

0,294 

0.291 



“h** 

1—1 ^ 

\i 

V 

ST-Sl 

18 

19 




0,00384 

0,00416 

0,0161 

0,0448 

0,1114 

0,238 

0,514 

0,789 

1,02 

1,345 

1,59 

1,915 

2,23 

2,5 

2,73 

2,98 

3,22 


0,5108 

0,491 

0,473 

0,47 

0,5254 

0,623 

0,889 

1,149 

1,375 

1,695 

1,932 

2,25 

2,564 

2,822 

3,035 

3,274 

3,511 



0,0949 

0,0978 

0,1025 

0,1067 

0,1114 

0,1312 

0,162 

0,1885 

0,2095 

0,236 

0,254 

0,277 

0,281 

0,1935 

0,136 

0,1 

0,0248 


0,8059 

0,7948 

0,7785 

0,7607 

0,7554 

0,7522 

0,773 

0,7885 

0,8055 

0,827 

0,839 

0,856 

0,859 

0,7615 

0.688 

0,644 

0,5648 


0,00186 

0,00202 

0,00411 

0,00724 

0,01165 

0,0178 

0,026 

0,0327 

0,0372 

0,043 

0,0455 

0,0509 

0,0575 

0,0659 

0.0762 

0,0919 

0,106 


0 

0,00186 

0,00368 

0,00799 

0,01523 

0,02638 

0,04468 

0.07 

0,1027 

0,1389 

0,1818 

0,2273 

0.2782 

0,3357 

0,4116 

0,4878 

0,5797 

0,6957 

=0,6957 

X°=39°48' 


KOTopbix B pacqcTHHe BbipaJKeHHH noÄCTaBjiHiOT TpeöyeMbie BejinnHHH. 



Phc. 102. TeopexHqecKHH qeprejK jionacTn; 
a MepHflHOHajifaHas npoeKi;iiH; 6 njian .nonacra. 
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7,32, l/c; w,, = r . m/c, v’ = 


kV 




PacTCTHbie 



4 . CorjiacHO onHcaHHofi Bbime MCTO^HKe npHHHT pnjx ceKyiuHX KonycoB h nocrpo- 
eubi Hx pasBepTKH (xaÖJi. 21 ), na KOTopbie nepeneceubi pacqcTHbie ,;ihhhh xoKa 
c pas.iHHHbix noBepxHocrefi roKa. B cooTBercTBHH c npuHHTbiM aaKOHOiw pacnpeÄeJie- 
HH« To.xmHH Ha pasBepTKax KOHycoB nocrpoeubi ceqeHHH JionacTH KoneqnoH toji- 
iUHHM, a aaxeM pa;iHajibHbie cencHH» xbijibHOH noBepxHOcxH jionacxH (pHC. 100 ). 
^^opexHHecKHH HcpxeHi jionacxH h padonee KOJieco npeAcxaBjicHbi na pnc. 102 
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paAHajibHbix ceneHHfi JionacxH 


TOKa Sj _ f 


(JxjpMyjibi 


V 



— 1 '5 I I I 19 I 20 I 21 I 22 I 23 


0,0557 0.133 0,982 0.936 0,876 0.245 1.125 0 141 0 077 n nnsv n nnn 

0.0568 0,14 0,98 0.939 0.88 0 585 \ 465 0 *.695 ?’?-85 oÄ 

0,058 0,148 0,9702 0 947 0 9 1 3 9 9 nöio? 1 ’ «rf «S 

0,0591 0,1555 0,9759 o ’,946 0,896 2 05 2 946 0 267 ^ 1213 ^ 0 070 ^ no?? 

0,0598 0,1625 0,9736 0,956 0.915 2 65 3565 0307 ’? 6 ? nm?? 

0,0591 0,167 0 , 9/22 0,973 0 949 3*28 4 ’ 99 Q 

0.0668 0,16 7 0,9722 0 M 3 WO II tii ofg \m 

0,0636 0,1625 0.9736 1,015 1 03 4 24 SW 0372 IW nn?SJ S’ 

0,0478 0,1509 0,9773 1,02 1,04 4 5 664 0 3^0 iQXfi 

0,0386 0.1265 0.9839 1,03 1.06 4:76 S.^ Õ;l^ lllM g.S oilSh 


§ 52. IIoTepH 3HeprHH b pa6o'ieM KOJiece 


B oömeM cjiy^iae noTepH 
SHepFHH B paõoqeM KOJiece co- 
CTOHT H3: npO(J)HJIbHbIX nOTCpb, 
BbI3BaHHbIX COnpOTHBJieHHeM 
TpeHHfl H .naBJieHHB npn oÕTe- 
KaHHH npo(})HJieH pemeTOK njioc- 

KHM BB 3 KHM UOTOKOM; HH/I,yK- 
THBHblX nOTepb, BbI 3 BaHHbIX 
nepeMeHHocTbK) iJ.HpKyji5mHH 
B^iojib pa 3 Maxa Jionacra; koh- 
ueBbix noxepb (reqeHHe b 3 a 3 o- 
pax Me>K,zi,y JionacTbio h rpaHHq- 
HblMH CTeHKaMH, BTOpHqHbie 
.ziBHJKeHHB B KaHajiax paöoqero 
KOJieca, nepeMemeHHe norpa- 
HnqHoro cjiofl). JXjih oceBbix n 
flHaroHajibHbix paöoqHx KOJiec 
OCHOBHbIMH BHJtaMH nOTCpb BB- 
JlHIOTCfl npO(J)HJIbHbie H KOHIie- 
Bbie (BKJnoqaa b tom qHCjie 
HHÄyKTHBHbie). 



Phc. 103. i4epxe>Kpa6oHero KOJieca POI 15, 
(^1 = 2500 mm). 
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npH paccMOxpeHHH noTepb b paAHajibHO-oceBbix paöoqHX KOJiecax 
■onpeAeJifliomHMH hbjihiotch npo^HJibHbie noxepH, xaK KaK HaJiH^He 
HHÄHero o 6 oÄa cHHmaeT KOHueBbie noTepH. BejiH^HHa hhaykthbhux 
noTcpb saBHCHT OT õbicTpoxoAHOCTH paöouero KOJieea. BbicTpoxoAHbie 
paAHaJibHo-oceBHe pa 6 o*iHe KOJieca, y KOTopux pasMax jionacTH 
AOCXaTO^HO ÖOJIfalllOH, HMÖOX HaHMGHfaIIIH 6 HHAyKXHBHbIG nOXGpH. 

KaK öyAGT noKasaHO hkhcg, na BGJiH^iHHy npo(J)HJibHbix noxepb b pa- 
* 6 oqHX KOJiecax paAHajibHO-oceBbix h ÄHaronajibHbix rHApoxypÖHH 
BJiHflex xaKJKe xoJiiiJ.HHa cjioh ueiKjiy cöceAHHMU noBepxHocxHMU xoKa, 



aaBHCHman ox paccxoHHHB MeJKAy jihhhbmh xoKa MepwAHOHaJibHoro 
noxoKa. TaKHM oõpasoM, na npo^HJibHbie noxepH b paöoqeM KOJiece 
BJiHHiox (J)opMa noJiocxH H MepHAiiOHaJibHoro noxoKa, a xaKme sHa^e- 
HHe McpHAHOHajibHbix cKopocxeft. 

npH paspaöoxKe JionacxHbix cHcxeM aobojibho uiHpoKO nojibsyioxcH 
MexoAaMH pacqexa upo^ujihnux noxepb pemexoK b djiockom noxoKe 
[ 7 ] (oceBbie paCo^ne KOJieca) h noxoKe nepeMeHHofi xoJimnHbi izuj (pa- 
Ana.nbHO-oceBbie h ABaroHaJibHbie paöonne KOjieca). 

HnHce HSJiojKeHa cymnocxb MexoAa pacqexa npo^iHJibHbix noxepb 
B pemexKe, oõxeKaeMon AByMcpnbiM noxoKOM. riojiaraiox, nxo pacnpc 
AejieHHe cKopocxeö na Kobxype npo^iHJiH peinexKH, a xaKJKe CKopocxn 
BAajiH, nepeAH aa pemexKoft HSBecxHbi (cm. § 15). Üjih pacnexa npo(|)HJib- 
Hbix noxepb, BbiSBaHHbix cnJiaMii conpoxHBJiennH, AencxByiomHMH na 
pemexKy npn ee oöxeKaHHH peajibHbiM noxoKOM, HeoöxoAHMO pacc^in 
xaxb norpannniibiH cjioh. B cjiy^ae npocxpancxBeHHofi pemexKH noxoK 
ne HBJinexcH üjiockhm, oAnaKo npn pac^exe norpammHoro caoa bxo- 
pH^Hbie xeAeHHH ne yqHXMBaiox. 


MexoA pac^exa npoiJiHAbHbix noxepb b baockhx pemexKax paapa- 
õoxan JI. r. JIoHUHHCKHM. OöoöineHHeM axoro MexoAa na CAy^afi pac- 
qexa npo(|)HAbHbix noxepb pemexoK b AByMepHOM nenAocKOM noxoKe hb- 
AHexcH MexoA UKTH hm. H. H. OoAayHOBa, paapaöoxannbiH B. C. Pa' 
yxManoM [20], cyiij.HOCXb Koxoporo HaAaraexcH HHXie. 

MexoÄ UKTH. Upu HCCAeAOBaHHH oõxeKaHHH pemexKH npcxjiHAeH 
paccMaxpHBaiox xpH ce^eHH» b noxoKe: ce^eHne BbixoAHbix npoMOK 
npo^iHAefi K — K; ce^enne cMbiKaHHH rHApoAnnaMHqecKHX cagaob 
aa pemexKOH 2' — 2'; ce^enne BAaAH aa pemexKofl, tag uiaroBaH nepaB- 
HOMepHOCTb noTOKa BbipaBHHBaexcn 2—2 (pHC. 104). CAGAyex hmgxb 
B BHAy, *1X0 aah CAynan paAnaAbHO-oceBbix h AHaronaAbHbix paöoHHX 
KOAGC 3XH CeneHHfl HaXOABXCfl Ha paaAHHHbIX paCCTOHHHHX ox OCH xyp- 
ÖHHbi, a xoAiAHHa CAOH, oõxGKaiomero pemexKy, nepeMenHa. 

rioxepH Hanopa b nenAOCKOH pemexKe onpeAGAnioxcH npn noMomn 
BbipajKeHHH [7; 20], noAyneHHoro npn bomoiah ypaBHGHHH HepaapbiB- 
HOCXH H ypaBHGHHH MOMGHXa KOAHHGCXBa ABHAteHHH, aaBHCaHHblX AAH; 
oõbeMa ÄHAKocxH, aaKAioneHHoro Me^Ay ceqeHHeM K — K h 2 — 2: 


hp = poyj 



^sinPa ’ 


(301>. 


TAe Sg**— xoAiAHHa noxepH HMnyAbca b ceqeHHH 2 — 2, onpeAeAHeMaa^ 
H3 pacqexa xypöyAGHXHoro norpaHH^Horo caoh [7]; tz — niar pemexKH 
B ceqeHHH 2 — 2. 

B peayAbxaxe paccMoxpeHHH cooxHomeHHA MejKAy xoAmHHoö noxepH; 
HMnyAbca b ceqeHHHX 2—2 h K — K « BbinoAHGHHH cooxBexcxByion].HX 
npeoöpaaoBaHHH, noAyqena ^^opwyAa aah BbiqHCAenHH noxepb Hanopa, 
B pemexKe: 


. 0,0153 2 


^2 y 

Wk j 




w = 


w 

Wo 


s = 


h 


0 

A(s)/ft„; Re = ^^'. 


XAe / — AAHHa cpeAHGH ahhhh npo(J)HA 5 i; — xoAuiHHa caoh b npii-- 
HHXOH HaqaAbHOH xoHKe oxcnexa. 

OpH onpeAeAGHHH noxepb Hanopa hgoöxoahmo cnanaAa BbinHCAHXh. 
BbipaÄGHHG B KBaApaXHbIX CKOÖKaX OXACAbHO AAH BbinyKAOH H Borny- 
xoH cxopoH npo(J)HAH, peayAbxax caojkhxb, a aaxeM BbinoAHHXb yMHO- 
ÄGHHe. 

iXAH pemeHHH aaAaqH oõxeKaHun pemexKH npo(J)HAeH h BbinHCAeHHn. 
npo(J)HAbHbix noxepb Ha 3BM b IJ,KTH hm. H. H. IloAayHOBa cocxae- 
Aena nporpaMMa, Koxopan noaBOAnex npH noMomn nHCAennoro 3 Kcne- 
pHMGHxa onepaxHBHO aHaAHSHpOBaxb SHeproKaBHxaiiHOHHbie KaqecxBa 
paaAHHHbix AonacxHbix chcxgm. 

Pacnex oöxeKaHHH h noxepb sHepxHH BbinoAHHiox aah pnAa pemexoK 
paöoqero KOAeca na paaAHqHbix peniHMax paöoxbi. OpH sxom noAararox, 
qxo oõxeKaHHG pemexoK ocxaexcn õeaoxpuBHbiM, a noAOA^eHne h 4 )opMa. 
noBepxHocxeö xoKa ne MCHHioxcfl. 
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B pesyJibTHTe peuieHHH npHMoft aajxami nojiyqaioT TaK^e BejiHqHHbi 
«OKpyJKHblX COCXaBJIHIOmHX Vu, a6cOJIK)THOH CKOpOCTH BOTOKa Ha BblXOAe 
H3 paöoqero KOJieca. Oo hsebcthbim snaqeHHHM Vut paccMaxpH- 

BaeMHX peuiexoK BbiqHCJiaiox uHpKyjiHUHOHHbie noxepH sa pa6oqHM 
2 

jcojiecoM hu = Ha ÄannoM pCÄHMe. CyMMa npo(|)HJibHbix h UHpKy- 

2gii 

JIHHHOHHblX HOXCpfa BAOJIb paSMSXa JIOHaCXH CJiyXCHX OÄHHM H3 KpHXe- 
pHEB flJiH oHeHKH sHepxBXHqecKHX HOKasaxejieö JionacxHOH cHCxeMbi. 

rio paCCMOXpBHHOH M0XOÄHK0 M05KH0 xaKÄ0 BblHOJIHHXb pacq0X üpO- 
■<J)HJIbHbIX nOX0pb B HpHMblX p0UI0XKaX, C)6X0Ka0MbIX HJIOCKHM HOXOKOM 
<oc0Bbi0 pa6oqH0 KOJi0ca), npHHHB npH sxom nocxoHHHyio xoJimHHy 

cjiOH h = const. 

OopMyjia npHM0HHMa xaKHC0 pacq0xa npo(J)HjibHbix nox0pfa b p0- 
:iH0XKax HanpaBJiHiomHX annapaxoB. ZIjih sxoro bm0cxo oxHOCHX0JibHOH 
•CKopocxH cJi0AyGx HOÄCxaBHXb aocoJiioxHyK) CKopocxb noxoKa. 


rjiaBa vn. PACHET PABOHHX KOJIEC OCEBOPO THIIA 

Bbicxpoxo^HOcxb oc0Bbix paöoqHX koji0C, kbk npaBHJio, Bbini0, 
■q0M paÄHaJIbHO-OC0BbIX, nOSXOMy HX npHM0H0HH0 npHBOAHX K yM0Hb- 
IU0HHIO pa 3 M 0 poB H B0ca xypÖHHbi H r 0 H 0 paxopa. Oc0Bbi0 pa6oqH0 
KOJi0ca oöbiqHO BbinoJiH5iK)x noBopoxHOJionacxHbiMH, qxo o 60 cn 0 qHBa 0 x 
BblCOKHH Cp 0 ÄH 03 KCnJiyaxaUHOHHbIH Krm rHÄpOXypÖHHbl npH H3M0H0- 

HHH HarpysKH h nanopa na cxanuHH (§ 38). 

BsaHMHaH CBHSb M 0 xyiy oxkphxhbm HanpaBJiHK)ni, 0 ro annapaxa 
H yrjioM ycxaHOBKH jionacx 0 H pa6oq0ro KOJi0ca onp0Ä^<^H0xcH KOMÖHHa- 
XOpHOH SaBHCHMOCXbK) (§ 42). IlpH pa6oX0 nOBOpOXHOJlOnaCXHOH XHÄpO- 
XypÖHHbl Ha KOMÖHHaXOpHblX p05KHMaX o 60 Cn 0 qHBa 0 XCH MaKCHMaJIbHO 
BOSMOHCHbiH ÄJiH ÄaHHOFO pa 6 oq 0 ro KOJi 0 ca KHjX h 6 OJ 100 nojioraa pa- 
<öo^a^^ xapaKX 0 pHCXHKa no cpaBH 0 HHK) c paÄHa./ibHO-oc 0 BOH h npon 0 Ji- 
JI0pHOH OC0BOH xypÖHHaMH. KpOM0 XOFO, Ha KOMÖHHaXOpHbIX p 0 >KHMaX 
paöoxbi noBopoxHOJionacTHOH xypönHbi hoxok nocji0 pa 6 oq 0 ro KOJi0ca 
HM00X Heöojibuiyio saxpyxKy, qxo npHBOAHx k y^yquiBHHio nyjibca- 
HHOHHbix xapaKX 0 pncTHK H yM 0 Hbni 0 HHio BHÖpaHHH arpBxaxa. 

O^HaKO HapHÄy c yKasaHHbiMH npBHMymecxsaMH oc0Bbi0^ xypÖHHbi 

HM0K)X CyLH0CXB0HHbIH HBHOCXaXOK - OXHOCHX 0 JIbHO BblCOKHH KaBHXa- 

HHOHHbIH KO3(J)4)HHH0HX HO CpaBH0HHK) C paÄHaJIbHO-OC0BbIMH Xyp- 

■ÖHHaMH, qxo xpcöycT b pBji,0 cjiyqacB öojibuioro sarjiyÖJicHHH xypÖHHbi. 

C H0JIbKD VJiyqUieHHH KaBHXaUHOHHblX XapaKX 0 pHCTHK OCBBblX rHfl- 

poxypÖHH oöbiqHO yBOJiHqHBaiox qncjio jionacx 0 H, qxo npHBO^HX k pocxy 
;],HaM 0 xpa BxyjiKH paöoqero KOJi 0 ca. yB0JiHqBHH0 BxyjioqHoro oxhohio- 
HHfl BbI 3 bIBa 0 X pOCX CKOpOCX 0 H B pa 6 oq 0 M KOJI0C0 H MO>K 0 X npHB 0 CXH 
K yxyÄHIGHHK) KaBHXaUHOHHblX Kaq 0 CXB XypÖHKbl. OoSXOMy B HaCXOH- 
U1,00 BpGMH OÖJiaCXb npHM 0 H 0 HHH OÖbiqHbIX BGpXHKaJIbHbIX OCGBblX XH/ipO- 
xypÖHH orpaHHqHBEGXCH, KaK npaBHJio, nanopaMH ao // = 60 -j- 70 m 


npH qncjiG JionacxGH z — 8 (10) h BxyjioqnoM oxhoiuchhh d = 
= ^ < 0,65. 

B saBHCHMocxH ox Hanopa na FSC h GAHHHqnoft moiij,hocxh arpGxaxa 
npHMGHHIOX CJI 0 AyK)II].H 0 XHHbl OCGBblX XHApOXypÖHH; HHSKOHanopHblC 
THApOXypÖHHbl {H = 3 -i- 15 M) — rOpHSOHXaJIbHblG KancyJIbHbIG, 
xpy 6 qaxbi 0 , npHMOxoqnbiG, maxxHoro xHna, BGpxHKajibHbic xypÖHHbi 
oõbiqHOH KOHcxpyKHHH (pHc. 9; 19; 20); cpGAHenanopHbiG xypÖHHbi 
(H — 15 -r- 40 M) OÖbiqHOÖ KOHCXpyKHHH — B0pXHKaJIbHbI0 nOBOpOXHO- 
jionacxHbiG H npon 0 jiJi 0 pHbi 0 ; BbicoKonanopHbiG xypÖHHbi {H = 40 -i- 
~80 m) — o 6 biqHbi 0 H AByxn 0 poBbi 0 (pnc. 21). 

npHM0H0HH0 HOBblX XHHOB OCGBblX XHApOXypÖHH — KancyjIbHbIX 
H AByXHGpOBblX — nOSBOJIHJIO 3HaqHX0JIbHO paCUIHpHXb HX AHanaSOH 
npKM0H0HH5i no HanopaM h yjiyqniHxb XGXHHKO-SKOHOMHqccKHG noKa- 
3ax0JiH XHApoarpGraxoB. B HacxoninGG BpGMH KancyAbHbiG arpGxaxbi 
HiHpoKO npHM0HHK)x Ha HH3KH0 HanoDbi H = 3 —I— 15 JM, PAG ycxaHOBKa 
BGpXHKaJIbHbIX XHApOXypÖHH MaJIO 3(Jx|)GKXHBHa, HOCKOJIbKy npHBOAHX 
K ySGJIHqGHHK) paSMGpOB H BGCa aXpGxaxOB H CymeCXBGHHOMy yAopo- 
ÄaHHK) CXpOHXGJIbHbIX paÖOX no COOpyjKGHHK) 3AaHHH r3C. 

COBpGMGHHbIG OCGBblG XHApOXypÖHHbl OÖAHAaiOX BblCOKHMH SHGpXGXH- 
qGCKHMH KaqGCXBaMH. KFI/l, MOIAHblX OCGBblX XypÖHH Ha OnXHMaAbHOM 
pGJKHMG AOCXHXaGX 93 -5-94%. BoAbUIHG yCHGXH B paSBHXHH XypÖHH 
3xoro XHna AocxHrnyxu b hocagahkg roAH ÖJiaroAapn uiHpoKOMy npH- 
MGHGHHK) COBGpUIGHHUX THApOAHHaMHqGCKHX MGXOAOB paCMGXa H HC- 
CJIGAOBaHHH HpOXOqHOH qaCXH XHApOXypÖHH H OCOÖGHHO AOnaCXHblX 
CHCXGM paÖOqHX KOJIGC. HhäG npHBGAGHH OCHOBHblG peKOMGHAaHHH 
no Bbiöopy pacqGXHbix napaMGxpoB, hsjioäghbi nocjiGAOBaxGAbHocxb 
npOGKXHpOBBHHH paÖOqGFO KOJIGCa H CyiAHOCXb HGKOXOpbIX npHMGHHG- 
Mbix MGXOAOB pacqGxa JionacxHbix chcxgm. 

§ 53. OcHOBHbie OnpeAGJIGHHH H SaBHCHMOCTH 
AJiH OAHHO^Horo npo^injiH h pemencH npo4>^Ji€H 

ripGJKAG qCM HGpGHXH K paCHGXy JIOnaCXHbIX CHCXGM paÖOqHX KO./IGC 
OCGBblX XHApOXypÖHH, CJIGAyGX OCXaHOBHXbCH Ha HGKOXOpbIX OCOÖGHHO- 

CXHX noxoKa b ocgbom paöoqGM kojigcg. Ksk yKasbiBajiocb bbiiijg, abh- 

JKGHHG ÄHAKOCXH B OOJIOCXH paÖOHGrO KOJIGCa MOäHO npGACXaBHXb KaK 
cyMMy AByx hoxokob: cboöoahoxo hjih HGBOSMyuiGHHoro (npH oxcyx- 
CXBHH JIOnaCXGH) H noXOKa, BblSblBaGMOrO CHJIOBBIM B03AGHCXBHGM 
JionacxGH. 

CHaqajia paccMoxpHM ABHJKGHHe x<hakocxh b npoxoqHoii qacxH oce- 
Boro paöoqero KO./ieca BepxHKajibHoö xypÖHHbi npH oxcyxcxBHH Jio- 
nacxGH [7, 28]. Oojiaraiox, qxo noBopox noxoKa H3 paAHajibHoro na- 
npaBJIGHHH B OCGBOG nOJIHOCXbK) OCyiAGCXBJIHGXCH AO paOOHCFO KOJIGCa, 
a B caMOM paöoqGM K0./iGce ähakocxb abhjkgxch b ocgbom HanpaBJiGHHH. 
Bcjigacxbhg 3xoro cqHxaiox, qxo noBGpxHocxH xoKa b ocgbom paöoqGM 
kojigcg HBJIHIOXCJI HHJIHHApHqGCKHMH nOBGpXHOCXHMH, COOCHfelMH C OCbK) 
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■ TvpÕHHbi Tanoe ÄBHxteHHe BOSMomHO, ecjin paÄHaJibHbie cocraBJiHio- 
lUHe aöcoJiiOTHbix cKopocTeft qacxHU m^hakocth b pago^ieM KOiiece paBHbi 
HVJIIO HJIH cocxaBJiHioT Heöojibiiiyio BeJiHHHHy. B 3XOM Cjiy^ae noxoK 
B oceBOM paöoqeM KOJiece kbk 6 bi cocxohx hs uHJiHHÄpHMecKHX cjioeB. 
J^onyinPHHe nojiy^HJio HasBaHHe cunotnesbi i{UAUHdpuHecKUX ceHeuuu. 

Ksk noKasHBaiox sKcnepHMeHxaJibHbie nccjiGÄOBaHHS noxoKa Ha 
bxoäg h BHXOfle H3 ocGBoro paGonero KOJieca, 3xo npeÄnojioa<eHHe 
BHOJIHe OÖOCHOBaHHO OHXHMaJlbHOrO H 6jIH3KHX K HGMy pe^HMOB. 

IInJiHHflpHHecKHe noBGpxHocxH xoKa nepeceKaiox jionacxH paõo^iero 
KOJieca- PasBopaHHBaH UHJiHHÄpHqecKoe ceMCHHe Ha hjiockocxh bjicbo 
H BnpaBO, HOJiyqaKJX npHMyio njiocKyio pemexKy npo(j3HjieH (pHC. lUo, 



106), oöxeKaeMyio njiocKonapaJiJiejibHbiM hoxokom. TaKHM oöpaaoM, Bpa- 
meHHe pemexoK BOKpyr och paöonero KOJieca saMGHHexcH hx nocxyna 
XeJIbHbIM npHMOJlHHeÖHblM ÄBHHCeHHeM Ha HJIOCKOCXH CO CKOpOCXblO 
Ui = TiCö, XÄe ri — paÄHyc pacnojiomeHHH pemexKH na paccMaxpH- 
BaeMOH noBepxHOCxH xoKa; (o — yrjioBan cKopocxb BpameHHH pa6o- 

qero KOJieca. , 

npH xaKOH pacqexHOH cxeMe noxoKa qepea pemexKy npo^iHJieH 

ueHxpocxpeMHxejibHoe ycKopeHHe h ycKopeHHe KopHOJiHca nojiarawx 
paBHHMH Hyjiio. CjiCÄOBaxejibHo, npH BbiBOAe ochobhbix aaBHCHMOCxew 
AJia npBMOH pemexKH mojkho paccMaxpuBaxb KaK aöcojiioxHbiH, xaK 
H OXHOCHXeJIbHbIH HOXOKH. 

B paÄHaJibHO-oceBbix rHApoxypÖHHax noBopox noxoKa ocymecxB- 
jiaexcH B npenejiax paöoqero KOJieca, nosxoMy noBepxHocxH xoKa b 
He miJiHHjipHqecKHe, a KpHBOJiHHeÖHbie, nepeMeHHOH xoJiui.HHbi. Ua- 
HaKo npocxpaHcxBGHHbie pemexKH, pacnojiOÄeHHbie Ha KpHBOAHHeii- 
HblX HOBepXHOCXHX XOKa, MO>KHO KOHlJlOpMHO 0 X 06 pa 3 HXb Ha HAOCKOCXb. 
B pesyjibxaxe hoxok b npocxpaHCXBeHHbix pemexKax paõoHHX KOJiec 
paAHajibHO-oceBbix xypÖHH xaKme cboahxch k xeqeHHio b npaMOii pe- 
uiexKC, oöxeKaeMOH cJioeM nepeMeriHOH xoAiUHHbi. 

B cjiyqae AHaronajibHbix paöoHHX kojigc noBepxHOCXH xoKa npn 
HHMaioTCfl KOHHHecKHMH. KoHHqecKyio noBepxHocTb xoKa e pacnoAO- 


jKGHHbiMH Ha Hefi HpocJiHAHMH JiOHacxHOH CHcxeMbi pasBopaHHBaiox Ha 
HJIOCKOCXH H nyxeM BpameHHH pasBepxKii KOHyca BOKpyr och paöo- 
nero KOAeca oöpasyiox KpyroByio pemexKy. B AaJibHeHuieM KpyroBaa 
pemexKa aaMeHHexcH npaMofi. CAeAOBaxejibHo, HsyqeHHe xeqeHHH b jiio- 
6om paöoHeM KOAece peaKXHBHon XHApoxypÖHHbi cboahxch k hccjicao- 
BaHHK) oöxeKaHHH npHMbix pemexoK npoiJiHjieH [7]. 

B xjiaBe I paccMoxpeHbi ocHOBHbie cBOÖcxBa cboöoahobo ocecHMMex- 
pHqHoro HoxeHHHaAbHoro noxoKa. IloKasaHO, qxo momghx cKopocxH 
HoxeHUHajibHoro noxoKa BejiHHHHa nocxoHHHan VuT = const. 

TaK KaK CBOÖOAHWH aÖCOJIIOXHbIH HOXOK B paÖOHGM KOJiece npH- 
HHMaexcH HoxeHHHajibHbiM, xo BHxpb CKopocxH H exo HpoeKHHH Ha 

OCH KoopAHHax paBHbi Hyjno. B qacxHOCxH, = - ^^=0, 

dür dVz T- 

X. e. . hcAH npeAHOJiOÄHXb, qxo ABHÄCHHe jkhakocxh 

B paöoqeM KOJiece ocyiuBcxBJiHexcH baojib iiHJiHHApnqecKHx noBepx- 

Hocxefi xoKa, a-^h Koxopbix = 0, xoxAa = 0, x. e. oceBan 

CKopocxb noxoKa baojib pasMäxa jionacxH nocxoHHHa = const. 

Hs paccMoxpeHHH ypaBHCHHH HepaspbiBHocxH AJiH HHAHHApHqe- 

CKoro HoxoKa {Vr = 0) BbixeKaex, qxo ^ = 0, x. e. oceBan cKopocxb 

noxoKa HOCTOHHHa xaKxce baojib noBepxHocxefi xoKa. TaKHM oõpasoM, 
AAH HoxeHHHaAbHoro pHJiHHApHqecKoro noxoKa b ocgeom paöoqeM 
KOAece BAOAb pa3Maxa AonacxH cyiAecxByiox CAeAyioiAHe aaBHCHMOcxn: 

VJ = const; = 0; v^ = const. (303) 

npH npHHHXbix AonymeHHHX UHpKyAHUHH no pasMaxy jionacxH cqn- 
xaexcH HOCXOHHHOH, H xpexMepHaH saAaqa noxoKa cboahxch k AByMep- 
HOH saAaqe HesaBHCHMoro pacqexa haockhx npnMbix pemexoK npocJiHjieH. 

KaK noKasbiBaioxsKcnepHMeHxajibHbie ABHHbie soHAHpoBaHHH noxoKa 
Ha BXOAe H BbixoAe h3 oceBHx paöoqnx KOjiec, na onxHMaJibHOM h6jih3- 
KHX K HGMy pejKHMax paõoxbi BejiHqHHa Vr HesHaqHxejibHa, a UHpKy- 
AHUHH BOKpyr JionacxH baojib paAHyca MeHnexcH cjiaöo. B achcxbh- 
xejibHocxH KOHxypbi noHocxH oceBoro paöoqero KOJieca BbinojiHHioxcH 
KpHBOJIHHCHHblMH; KpOMC XOFO, JIOnaCXH OKaSbIBaiOX CHJIOBOe B03AeH- 
cxBHe Ha MepHAHOHajibHbiH noxoK. B peayjibxaxe peajibHbie noeepx- 

HOCXH XOKa HBJIHHDXCH KpHBOJIHHeHHbIMH H HeOCeCHMMexpHqHbIMH. 
OopMa KpHBOJiHHeHHbix noBepxHocxcH xoKa onpeAeJinexcH b xoac 
pemeHHH npHMoö ocecHMMexpHqnoH saAaqH (§ 15). 

B HacxoHLiiee BpeMH paapaöaxbisaioxcH öojiee xoqHBie MexoAbi pacqexa 
pemexoK oceBoro paöoqero KOJieca na KpHBOJiHHeHHbix noBepxHocxHx 
xoKa, yqHXbiBaK)m,He nepeMeHHyio no pa3Maxy JionacxH uhpkvjihuhio. 

Hhäg npHBCAeHbi ocHOBHbie onpeACJieHHH h aaBHCHMOcxH a-^h oah- 
HoqHoro npo(|)HJiH h npnMoft pemexKH npcxJiHJieH. HaBecxHO, qxo Mex<Ay 
npoeKHHHMH CKopocxefi aöcojiioxHoro h oxHOCHxejibHoro noxoKOB qe- 
pe3 paöoqee Kojieco cymecxByiox cjieAyioiAHe aaBHCHMocxH: 

= Vz\ Wu^ = Vu, — Ui, Wu, = Vu, — «2- (304) 


214 


215 



npama pemeTKa npo4)HJieH (pHc. 105) xapaKxepHsyeTCH cjieAyio- 
lUHMH napaMCTpaMH: / = ^ —mar pemexKH; / —xopÄa npo4)HJi5i; 
IH _rycTOxa pemexKH; tU —:oxHOCHxejibHbiH mar; pycr—P/n ^ 

^ — Wj-\-W2 

yroji ycxaHOBKH npo^JUJia b pemexKe; a yroji axaKH, 2 

cpCAHHH BCKXopHaH cKopocxb iioxoKa *iepe3 pemexKy npo4)HJieH, 
= üü, — — oxKJioneHHe noxoKa pemexKofi. 

B oxjiH^He ox OÄHHoqHoro npo(})HJi5i peuiexKa npo(J)HJieH paöo^qero 
KOJieca oxKJioHHex nocxynaKDmHH na nee noxoK. OpH sxom cKopocxn 
H Hx HanpaBJiCHHH äo h nocjie pemexKn oxjin^aioxcfl Äpyr ox ^pyra. 

JlonacxHaH CHCxeMa pa6oMero KOjieca cocxohx h3 pemexoK npcxpH- 
jiefi, mar, rycxoxa, yroji ycxanoBKH, ^^opMbi npo4)HJieH h npo*me Bejm- 
MHHbl KOXOpbIX HBJIBIOXCfl nepeMeHHbIMH BeJIHMHHaMH. OoBepxHocxH 
jionacxH OFHÖaiox jiHueByio h xHJibHyio cxopOHbi npo(})HJieH pac»^Hbix 
pemexoK. rioaxoMy pac^ex jionacxH aaKJiioqaexcB b onpeAeJiCHHH (popMbi 
npo4)HjieH pemexoK na paajiH^Hbix noBepxHocxBX xoKa c nocjieÄyiomen 

HX KOMBOHOBKOH B BJiaBHyK) JlOnaCXb. B03MOJKHbI ÄBB BO/lXOAa. paC- 

MCXHoe onpeÄBJieHHe (J)opMbi npo4)HJiH b pemexKe na aaÄSHHbie napa- 
Mcxpbi noxoKa h npHHflxoe pacnpeÄeJieHHe CKopocxefi hjih ÄaBJieHHH 
BÄOJib npod)HJiH (pemeHHe oõpaxHoö aa^aHH, § 16); Bbiöop äJih aaflaHHbix 
yCJIOBHH OAHHOHHOrO npO(t)HJlH HJIH pcmeXKH npO(})HJieH C H 3 BeCXHbIMH 
THÄpoAHHaMHHecKHMH xapaKxepHCXHKaMH. 

XoxH oceBbie paöoHHe KOJieca HMeKxr oxHOCHxejibHO Heõojibmoe 
HHCJIO Jionacxefi (z = 3 -f- 8) no cpaBHeHHio c paÄHajibHO-occBbiMH 
(z > 11 19), BsaHMHoe BJiHHHHe npcxJiHJieH B pemexKax s^ecb cy- 

mecxByex h €ro HeoöxoÄHMO ynHXbiBaxb npH npoeKXF.poBaHHH pa o 
nero KOJieca. 

KaK noKaaajiH sKcnepHMeHxajibHbie HccjieÄOBaHHH, xapaKxepHCXHK 
OÄHHOHHoro npo(J)Hji5i, noMcmcHHoro B pemexKy saÄanHOH rycxoxbi, 
cymecxBeHHO HSMeHHioxcH. JIjih OAHHOHHoro npo^iHJiH, oDxeKaeMoro 
HeBOSMymoHHbiM noxoKOM, nojibeMHan CHJia h cHJia conpoxHBJieHHH 

onpeÄBJiHioxcH npn noMomu HSBecxHbix BbipaH^eHHH. 



(305) 


rjie Cy — K03(|)(})HnHeHX no^teMHOH cH.nbi npo43HJin; Cx KOa4)4)H- 
UHeHx conpoxHBJieHHfl; p — MaccoBan njioxHocxb jkhjikocth, Voo 
CKopocxb HeBOSMymeHHoro noxoKa; / — ^Jinna xopÄbi npcxpHJiH. 

rioÄbeMHafl CHJia, /icflcxByioinaH na npo(J)HJib eÄBHHHHOH lUHpuHbi, 
MOHvCx öbixb xaKJKC BbinHCJicHa no (})opMyjie H. E. X\yKOBCKoro. 

Py - 9V„r, (306) 

TäC r — UHpKyJIflUHH BOKpyr OäHHOHHOFO npo 4 )HJI 5 I. 
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OJOXBexcxBeHHO äjih npo(})HJiH b pemexRc: 

Pyp = P^^/nrp, (307) 


Ep — impKyjiHUHH BOKpyr xoro Hce npcxJiHJiH, noMcmeHHoro b pe¬ 
mexKy. 

npHpaBHHBan npaBbie nacxH nepBoro ypaBHeHHH (305) h (306), no- 
jiynaiox saBHCHMOcxb MejK^iy K03(J)(J)HUHeHX0M noÄTieMHOH chjibi h unp- 
KyjiHUHeft BOKpyr npo(J)HJiH 


2r 


v„l' 


(308) 


B npouecce pacnexa jionacxnoH cHcxeMbi paOonero KOJieca b Ka^e- 
cxBe nepBoro npHÖJiHJKenHH onpeAejimox pemexKy npo(J)HjieH, cocxoh- 
myio H3 njiocKHX njiacxHH, a aaxeM 
naxoÄHx Bxopoe h, ecjiH xpeöyex- 
CH, xpexbe npHÖJiHHceHHe Hsorny- 
Toro npcxJiHJiH, xop^a Koxoporo 
cooxBexcxByex hcxoähoh iijiockoh 
njiacxHHe. npH sxom HcnoJibayiox 
pacqexHbiesaBHCHMOCXH, nojiynen- 
Hbie ÄJiH sKBHBajieHXHoö pemexKH 
njiacxHH, oöxeKaeMoft hjiockhm 
noxenuHaJibHbiM noxoKOM. Khk 
H 3BeCXHO, npH OÖXCKaHHH 3KBH- 
BajieHXHOH pemexKH üjiockhx njia- 
CXHH BeJlHHHHa K034x|)HUHeHxa 
noÄX-eMHOH CHJibi Cpp xaKan me, npo4)HJieH. 

KaK H B pemexKax h 3 HCKpHB- 

jieHHbix npo^iHjiefi (pHc. 107), ecjiH ohh hmciox OÄHHaKOBbie mar h 
CKO pOCXb nOXOKa Wm. C ÄpyrOH CXOpOHbl, BeJIHHHHa KOSiJxJlHUHeHXa 
nOÄ-bCMHOH CHJIbl Cy HpH OÖXeKaHHH ÖeCKOHeHHO XOHKOH njiacxHHbi 

Cy = 2n sin a. (309) 

BbipameHHe (309) cnpaBeflJiHBO h äjih HCKpHBJienHoro npo(})HJi5i, 
ecjiH yroji axaKH HSMepnexcn Mem^y CKopocxbio neBOSMymeHHoro no- 
xoKa H HanpaBJieHHeM öecnHpKyjinnHOHHoro oöxeKaHHH npo(J)HJi5i. 
rXnacxHHa, pacnojiomeHHaH b pemexKe noÄ xeM me yrjiOM axaKH a, 
HMeex cBoe ananeHHe K 03 (|)(pHUHeHxa noAi^eMHOH chjih: 

C^ =2nKsma, (310) 

J/p 

r;;e K= —Koa^KjJHUHeHX BJiHHHHH pemexKH. 

Sna^eHKH Kos^KpnuHeHxa bjihhhhh K rjisi pemexKH hjiockhx njiac- 
XHH npH paajiHHHbix yrjiax ycxanoBKH Pycr « BCJiHHHHax rycxoxbi Ht 
ÖHJiH noJiy»ieHbi BefinnroM pemenneM ypaBHCHHH äJib noxeHUHajib- 
Horo noxoKa *jepe3 pemexKy (pHC. 108). Sna^ieHHe KoaiJxJiHnHeHxa 
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BJIHHHH5I OÄHHaKOBO npH IipOHHX paB.HbIX yCJIOBHflX flJIH SKBHBaJieHTHOH 
pcmeTKH nJiaCTHH H pCUieTKH HCKpHBJieHHbIX npo^^HjicHi 



0.6 0,8 i i.2 1A /,6 1,8 2 2,2 t/t 


Phc. 108. HoMorpaMMa onpcÄeJieHHH K034)$HUHeHTa bjihhhhh peiueTKH. 

§ 54. MeTOÄbi npo4)HJiHpoBaHHfl jionacTeö 
oceBoro paöo^ero KOJieca 

KaK 6biJio yxasaHO panee (§ 16), pemeHiie oöpaTHofi 3a;iaHH saKJiio- 
MaexcB B onpe^e/ieHHn (^opMbi npo43HJieH na pacneiHHX noBepxnocTHX 
TOKa npn npuHHTOM pacnpeÄejieiiiiH cKOpocTen hjih ^aBJieHnn na npo- 
(|)n.fiflx. KpoMe xoro, ;],o.i>KHbi 6bixb sajiaiibi sHaneiiHH CKopocxeii b no- 
xoKC na Bxo^e n bbixoag h 3 paöonexo KOJieca n neKoxopbie napaMexpbi 
pacctinxbiBaeMbix peniexoK (rycxoxa, MaKciiMajibnan xo.X!i;HHa npo- 
(JjiijiH, ee pacnojiOKeHne ii AP-)- HosxoMy pacnex jionacxn oceEoro pa- 
öonero KOJieca Bbino.THjnox b c.xeÄyioin.eii noc.neÄOBaxejibHocxH; Bbioop 
ocHOBHbix pacnexHbix napaMexpoB ii (|)opMLi nojiocxn paöonero Koneca; 
onpeÄevXenne xpeyro,XbHHKOB cKopocxen na Bxo^e n Bbixofle ii3 pa6o- 
Mero KOJieca pacnexHbix noBepxHocxeii xoxa; pacnex pemexoK npo- 
(}]iijieH, pacnojio>KeHHbix na npHnnxbix noBcpxnocxnx xoxa; KOMnoHOBKa 
paccMHxaHHbix npotjBiJieö b eAHHyio jionacxb n nocxpocHHe ee npoen- 
UHH B MepHÄHonajibHOH njiocKOCXH H B njiane. 
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OpH onpeAeJieHHH (JiopMbi npo4)HJiH b pemexKe, oöxeKaeMOH noxeH- 
unajibHbiM njiocKHM üoxokom, noJibsyioxcH oähhm h 3 nepenncjieHHbix 
HHÄe MeXOÄOB. 

MexoÄ pacnpeÄeJieHHbix BHxpefi ncnojibsyiox 
äJih pacnexa öecKonenno xohkhx c.fia6o Hsornyxbix npo^HJien b peiuer- 
Kax [71. Bo3ÄeHCXBHe npo(J)HJieH na noxoK HMHXHpyexca BHxpaMH, pac- 
nojioJKeHHbiMH no onpeAeJienHOMy saKony baojib CKejiexa npo(J)HJiH. 
B nepBOM npHÖJiHJKeHHH BHXpn pacnojiaraioT baojib xopÄW npcxJiHJln; 
B xoÄe pacnexoB onpeAeJiniox 4>opMy cKejiexa npo4)HJin. nocTpoenne 
npo(})HJieH KonennoH xojininnbi Bbinojinniox nepacnexHbiM cnocoöoM, 
nOJIb3yHCb npHHHXOH MaKCHMaJlb- T7_ 

HOH xoJiuiHHOH K saKOHOM pacnpe- 
ÄCJieHHH TOJimHH OÄHOXO H3 CHM- 
MexpnnHbix npo(J)HJieH. 

MexoA ocoöeHHocxeH ^ 
npHMenniox äJih pacnexa pemexoK ^ 
npo^iHJiefl KonennoH xoJiuiHHbi [7; g - 
281. BoBACHCXBHe jionacxH na no- % " 

XOK SaMeHHKDX CHCXeMOH BHXpefi, § - 
HCXOnHHKOB H CXOKOB, pa3MeUI.eH- 
Hbix na CKCJiexax npo^^HJien. 3aM- 
KHyxyio jiHHHio TOKa peayjibTH- 
pyioniero oxHOcnxeJibHoro noxoKa 
npHHHMaioT aa Konxyp npo4)HJiH 
KonennoH TOJiniHHbi. 

MeTOÄKOHCbopMHblX ^ ,«oT-T 

M ^ jQg npoTOTOaa qacxb oceBOH 

OTOÖpajKeHHH noTOKa b peuiex- rHÄpoTypöHHH. 

Ke npo(|)HJieH na BcnoMoraxejibnyio 

njiocKOCTb npH noMomn cneunajibHbix OTo6paÄaK)u;nx <})yHKUHH 15]. 

MexoÄ noÄ't>eMHbix chji coctoht b tom, qxo äJih Kam- 
ÄOH pemexKH h 3 axjiaca rnjipoÄHHaMHqecKHX npO(})HjieH Bbiönpaiox 
SKcnepnMenxajibHO oxpaöoxannbiH npo^injib, oöecneqnBaioniHH neoö- 
xoÄHMoe snanenne K034x|)HU,HeHxa noÄteMHon chjih saAanHbix yc- 
jiobhh. MexoÄ naxoAnx orpannqeHHoe npaMenenne b HHJKenepHOH 
npaKXHKe. 

Handojiee mnpoKoe npaMenenne b oxeqecxBennoH npaKXHKe pac- 
qexa paöoqnx KOJiec nameji mcxoä ocoöeHHocxen. 


lm 


d-OJB, 


^ 2 = 0 . 973 ]} 


npoToqHaa qacxb oceBofi 
rHÄpoxypÖHHbi. 


§ 55. Bbiöop pacMGTHbix napaMexpoB 
H nojiocTH paöo^ero KOJteca 

Hcxoähhmh npn pacqexe paöoqero KOJieca hbjihioxch cjieAyiomne Bean- 
qHHbi; pacqexHbiH n MaKCHMajibHbin nanopbi; pacqexnaa moüxhocxb xyp- 
ÖHHbi; 3HaqeHHH Kflj], n KaBHxauHOHHoro K034x|)HUHeHxa xypönnbi na 

pe>KHMe HOMHHaJIbHOH MOLU.HOCXH H OnXHMaJIbHOM. HeOÖXO^HMO aa^aXbCH: 

1. OqepxanneM npoxoqnon qacxn xypönnbi (pnc. 109) a-hh aajx^a- 
Horo AHanaaona nanopoB, ncnoJibsyn peKOMenAaunn HOMCHKAaxypbi 
(xaÖJi. 22). 
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TaÕAUUfl 22. PasMepbi npoTOHHoä qacTH ocesux rHApOTypÕHH 


Tnn 

pa6o* 

nero 

KOJieea 

AnanasoH 
HanopoB 
H, M 

D^ 

Oi 

o. 

R, 

O, 

h2 

D, 

B 

Rt 

D, 

k 

D, 

d 

n/iio 

3—10 

0,45 

0,33 

0,29 

0,354 

0,318 

0,089 

0,323 

0,05 

0,1 

njii5 

5—15 

0,45 

0,35 

0,3 

0,346 

0,338 

0,091 

0,345 

0,05 

0,1 

nji 2 o 

10—20 

0,4 

0,37 

0,325 

0,337 

0,357 

0,093 

0,366 

0,05 

0,1 

nji30 

15—30 

0,4 

0,41 

0,36 

0,32 

0,396 

0,0974 

0,407 

0,05 

0,1 

nji40 

20—40 

0,375 

0,43 

0,375 

0,315 

0,416 

0,1 

0,428 

0,05 

0,1 

nJT50 

30—50 

0,375 

0,48 

0,415 

0,293 

0,457 

0,1052 

0,468 

0,05 

0,1 

njieo 

40—60 

0,35 

0,52 

0,474 

0,264 

0,523 

0,1072 

0,567 

0,0446 

0,0893 

nji70 

45—70 

0,35 

0,57 

0,522 

0,229 

0,573 

0,116 

0,604 

0,05 

0,1 

nji8o 

50—80 

0,35 

0,6 

0,537 

0,221 

0.613 

0,123 

0.642 

0,05 

0,1 


2. SnaMeHHHMH npHBCÄeHHbix EenH^HH Qf, äIc, h n‘i, oõImuh, 
onxHMajibHoro pejKHMa, na Koxopbie oöbWHO BbinoJiH5iK)x rH^po^HHa- 
MH^iecKHH paCTex paöo^ero KOJieca (xaõJi. 23). Ecjih xypõHna öyA^x 
pa6oxaxb 66jibfflyio qacxb BpeMenH Ha pejKHMe HOMHHajibHOH moiuho- 
cxH npH saAaHHOH Bbicoxe oxcacuBaHHH, pacqex pa6oqero KOjieca cjie- 
Ayex BbinojiHHXb na sxox peÄHM. 

3- OcHOBHbiMH reoMexpHqecKHMH h rHApoAHHaMuqecKHMH napa- 
MexpaMH paõoqero KOJieca: hhcjiom jionacxefi h rycxoxofl pemexoK na 
pasjiHqHbix UHJiHHApHqecKHX ceqeHHHX h Ap. (xaÖA. 23). Rjm o6ecne- 
qeHHH xpeöyeMbix KaBHxauHOHHHX xapaKxepHcxHK xypöHHbi h o6ecne- 
qeHHfl AonycKaeMoro ypoBHH nanpHJKeHHH ^hcao Aonacxeö npHHHMaiox 
ox qexbipex ao bocbmh. VroA oxBaxa AonacxH b njiaHe saAaiox b npeAe- 
Aax 70—80°. Tycxoxy pemexKH cpeAHero uHAHHApHqecKoro ceqeHHH 

(//^cp npHHHMaiox B SaBHCHMOCXH OX xpeÖyCMblX KaBHXaUHOHHblX 
KaqccxB H oöopoxHOCxH paõoqoro KOAeca. SnaqeHHH {llt)cp na ocxaAb- 
Hbix pacqexHbix ceqeHHHX AonacxH cjieAyox npHHHMaxb xaKHMH, qxoöbi 
rycxoxa peuiexKH y BxyAKH öbiJia 6bi npHMepHO Ha 20% öoAbiue, qeM 
Ha nepHcjDepHH. 3aKOH HSMeneHHH rycxoxbi pemexoK Ht = f (r) baoab 
pasMaxa AonacxH mohcho npHHHXb JiHHefiHbiH. 


§ 56. SaAaHHe noxoKa na Bxofle 

H BMxoAe H3 paöoqero KOJieca 

OpejKAO qeM npHcxynHxb k pacqexy jionacxH, neoöxoAHMO saAaxbCH 
pacnpeAOJieHHeM oceBofi Vz h OKpyjKHOÖ cocxaBAHiomHX aöcojiiox- 
HOH CKopocxH noxoKa Ha BXOAC (ceqeHHe / — I) h Ha BbixoAe (ceqeHHe 
II—II) H 3 pa6oqero KOJieca (pHC. 110, 111). Rji^i sxoh nejiH o6biqHO 
HcnoJibsyiox sKcnepHMeHxaJibHbie AaHHbie HCCACAOBaHHH noxoKa na 
BXOAO H BblXOAe H3 paÖOqHX KOJieC 6 jIH 3KOH ÖblCXpOXOAHOCXH. 

KaK noKasbiBaiox sKcnepHMeHxaAbHbie HccjieAosaHHH, noxoK na 
BXOA^ B paöoqee KOJieco 3 aBHCHx ox oxKpbixHH HanpaBJiniomero anna- 
paxa H ero napaMexpoB, ^^opMbi npoxoqHofi qacxH h <J)OpMbi Aonacxeö 
paöoqero KOJieca. 
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B BepTHKajibHOH occBoft rHÄpoTypöHHe c paÄHajibHbiM nanpa- 
BJiHwmHM annapaTOM na BKO^e b paöoqee KOJieco HMeex mbcto onpe- 
ÄCJieHHaH HepaBHOMepHocTb pacnpeÄCJieHHH oceBoö h oKpyÄHofi cocTaB- 
jiHiomHX aöcojiioTHOH cKopocTH, BbisbiBaeMaH, B ocHOBHOM, noBopo- 



Phc. 110. rioTOK Ha BXOÄe h BuxoAe h 3 oceBoro paõoqero KOJieca: 

^ - pacnp^JieHHe oceBofi cKopocTH BÄOJib paAHyca; 6 “ MOMeHxa 

— HSMeH^He aaKpvTKH noTOKa aa paÖoMHM kojiccom npH paaJimHwx oxlKpbiTHUX nanpaanHiomero 

annapaxa. 


TOM noTOKü nepcÄ paöoqHM KOJiecoM. FIpHqEM, xapaKTep HSMeneHHH 
•cocTaBJiHK)in,HX üm, H ^Uo aöcojiioTHOH cKopocTH iioTOKa iiocjie HanpaB- 

jiHK)iii,ero annapaxa, npHMepno, o^HnaKOB. _ 

PacnpeÄCJieHHe occboh cocxaBjiaiou^eH cKopocxH no paAHycy Vz — 
=/ (r). KaK noKasano Bbime, ÄEMÄenne äh^kocth no nnjiHHÄpHqecKHM 



■Piic. 111. Bbiöop pac^ieTHbix 
ceqeHHH jionacxH. 


nOBepXHOCXHM TOKa B03M0ÄH0 npH BbinOJI- 
nennn cjieÄyioiHHX ycjioBHH b noxoKe: 

(vur)i = fi (r) = consti; Vz^ = h (r) = 

= const2. 

O^naKO onbiTHbie ^anKbie KccjieÄOBannH 
noTOKa B npoToqnoH qacxn MOÄeJien rn^po- 
xypÖHH noKasbiBaioT, qxo oceBan cocxaB- 
jifiiomafi Oz, noTOKa nenocToanHa B^oJib 
paÄHyca h yBejinqHBaexcfi ox BxyjiKH k 
K aMepe paöoqero KOJieca. npn pacqexe 
pemexoK npo^Jnjien oöbiqHO npHHHMaiox 
jiHHeÖHbiH saKOH MSMeneHHa Vz^ = / (0. 
npH KOxopoM BejiHqHHa Uz, y KaMepbi na 
10—20% õojibuie, qeM y BxyjiKH pa6o- 
qero KOJieca (pnc. 110, a). 


CorjiacHo sKcnepHMenxajibHbiM ^aHHUM na onxHMaJiLHOM peÄHMe 

^ tf _____ 


paAnajibHaa cocxaBJifiioinaa Vr aöcojiKDXHon CKOpocxn neBejiHKa, no- 


3XOMy MOJKHO npe^nojiOÄHXb, qxo noxoK ABHÄexcH BÄOJib noBCpxHO- 
cxen xoKa, 6 jih 3 khx k nHJiHHÄpnqecKHM. üpn sxom ÄonymeHHH kojib- 
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ueBbie njiomaAH noxoKa ne H3M,eH5noxca, n corjiacno ypaBnenHK) nepas- 
pbiBHOcxH anaqeHHH occBbix CKopocxen n nx pacnpeAeJienne b^ojib pa- 
ÄHyca na BHXoAe xaKHe me, KaK h na Exc^e b paöoqee KOJieco. Bejin- 
qnna oceBOH CKopocxn Ha cpe^HeM HHJiHHÄpnqecKOM ceqennH onpe^e- 
jiaexcH no (jx)pMyjie 



SHaqeHHH occboh COCXaBJIHKDmCH CKOpOCXH 
H y BxyjiKH: 

‘'^nep = 1 

rz„ =0,9üz_. j 


nepH^^epHH 


(313). 


ÜJiH ocxajibHbix ceqcHHH npHHHMaiox jiHHCHHbifl aanoH Vz — f (r). 
PacnpCÄe^cHHe MOMCHTa cKopocxH = /(r). HaMCHCHHC MOMcnxa 

cKOpocxH noxoKa Ha Bxo^e b paöoqee kojicco (vur)i = / (r) xaKJKC aaBH- 
CHX ox (jDopMw nojiocxH, napaMcxpoB HanpaBJiHK)in.ero annapaxa h pe- 
ÄHMa paöoxbi XHÄpoxypõpHbi. Kan noKasbmaiox onbixHbie HccjiCÄOBa- 
HHH paöoqHX KOJiec, npn onxHMajibHOM pencHMc na BbixoÄO h 3 paöoqero' 
KOJieca saKpyxKa noxoKa y BxyjiKH npHMCpHo paena Hyjiio, a na nepH- 
(jDcpHH (Vur)2 = + 0,2r]rg///(o. Pa3Hocxb A (vur) (Vur)i — npH¬ 

HHMaiox OAHHaKOBOH AJIH BCCX HOBCpXHOCXCH XOKa. 

ripH pacqexe paöoqero KOJieca Ha pejKHM HOMHHajibHofi moihhocxh 
saAaioxcH SHaKonepCMCHHOH saKpyxKofi noxoKa na BbixoÄC h3 pa6o- 
qero KOJieca (pHc. 110, e). CorjiacHO SKcnepHMCHxajibHbiM ^aHHbiM na 
pCJKHMC HOMHHaJIbHOH MOIHHOCXH HOXOK y BXyJIKH HMCCX OXpHHaXCJIb- 
Hyio 3aKpyxKy, a na nepHcjDcpHH nojiojKHxejibHyio (10 -r- 20% ox bcjih- 
qHHbi rirgN/o). SaAaBiuHCb pacnpeHCJicHHHM (vuOz = / (r) bhojib pa- 
HHyca, npH homoihh ypaBHCHHH Jj. Sfijiepa onpcHejiniox anaqcHHH 
(vur)i Ha BXOHC b paöoqee kojicco Ha pacqexHbix ceqcHHHX. 

TaKHM oöpaaoM, npH npHHHXbix BCJiHqHnax Ql; n{ h saBHCHMocxnx 

(‘^uf )2 = f{r) aHaqCHHH CKOpOCXefi = Uz^; 
«1 = U 2 ‘, Vu,\ Vu, HSBCCXHbl Ha KajKAOH nOBCpXHOCXH XOKa. 3x0 nOSBOJTHCX 
nocxpoHXb BXOHHbie h BbixoHHbie xpeyrojibHHKH CKopocxefi, neoöxoHHMbie 
HJiH nocjicHyioiHHX pacqexoB pemexoK npoiJiHJieH. 


§ 57. IIocTpoeHHe bxohhlix h bbixohhbix xpeyrojibHHKOB 
CKopocTCH Ha pacqexHBix noBepxHOcxHx xoKa 

i^JiH pacqcxa (|3opMbi npo(|3HJiH pemexKH na pacqexHOH noBCpxHocxn 
xoKa HCoöxoHHMO onpeÄe.?iHXb bxohhlic h BbixoHHbie yrjibi, a xaKJKC hc- 
Koxopbie napaMcxpbi HCBoaMyiHCHHoro noxoKa. C sxoft Hcjibio cxponx 
xpeyrojibHHKH cKopocxH noxoKa Ha bxohc h Bbixone h 3 paöoqero KOJieca 
(pHC. 106). noCXpOCHHC BXOHHbIX H BblXOHHbIX XpeyXOJIbHHKOB CKOpO- 
CXCH BbinOJIHHIOX B CJICAyiOIHCH HOCJICHOBaXCJIbHOCXH. 
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Bfamep^HBaiOT nojiocxb KOJieca Di = 1000 mm (Ml : 1)- Mhcjio 
pacHCTHLix ce*ieHHH npHHHMaiOT 5 -i- 7; ceneHHJi oObimho pacnoJiaraioT 
paBHOMepHo BÄOJib paAHyca. KpaÜHHe ceneHHa EbiõupaioT, npHMepHo, 
Ha paccTOHHHH 10 MM OT KaMBpH H BTy^iKH paöoqero KOJieca (pHC. 111). 
PacqeTbi bhbojihjiiot Ha ycJiOBHbie BejiwqHHM Di = 1 H = l m 
H npHHHTbie pacHCTHbie (oBTHMaJibHbie) napaMeTpbi Qi, jz/c, h /ii, 
o6/muh, (xaÖJi. 23). 

CpeAHHH BejiH^^HHa oceBOH cocxaBJiHiomeH cKopocxH noxoKa Vz onpe- 
ÄejiHexcH no (JiopMyjie 


2 2 * MIC* 

nipl-dl^) 


(314) 


OKpyÄHbie cKopocxH noxoKa Ha bxoäc h bbixoäc h 3 paöo^ero ko- 
Jieca Ha pacqexHOM uHJiHHApHqecKOM ceqeHHH: 

Jtn,' /oic\ 

Ux = u^ — Tiva = D“ 3 õ » ( 315 ) 


riojibsyHCb npHHHXfaiM saKOHOM pacnpeACJieHHH MOMenxa cKOpocxH 
BÄOJib paAHyca Ha BbixoAe h 3 paöoqero KOJieca (pHc. 110, e), onpe^e- 
SHaqeHHH Vu^ h BejiHqnHbi yrjiOB pg pacqexHbix ceqeHHH: 


tgPa = 




(316) 


ÄHajiorHqHbie BHqncjieHHH BHnojiHHFOx ä-hh xex jkb ceqcHHH na bxoäc 
b paöoqee KOJieco: 




+ Ca,, mIc; 


(317) 


tgPi = 


Ui — V. 


(318) 


OnpeAejiHiox BejiHqHHbi h nanpaBJieHHe cpeAHeBeKxopHofi CKopocxH 
oxHocHxejibHoro noxoKa Wm äJih pacnexHbix ceneHnö: 


w„ = V wt, 4- w: 


mz ■ '^mu 


= ]/ + [w — Y (Pui + Vu,)] , Mic; (319) 


^mu 




(320) 


Pesyjibxaxbi pacnexoB noMemaiox b xaÖJiHuy (cm. npHMep pacnexa, 
TaöJi. 25), no ÄanHbiM Koxopoö cy^nx o xom, nacKOJibKO y^a^HO npH- 
HHXbi HcxoAHbie napaMCxpbi pemexoK n pacnpe;iejieHHe cKopocxen 
H Vu Ha BXOÄC H Bbixo^e H3 paöonero KOJieca. 

0;i,HHM H3 KpnxepHCB OneHKH JIOnaCXH HBJIHeXCH pa3HOCXb 

yr.xoB Ap ycxanoBKH npo(})HJieH y BxyjiKH Pycr. bt h na nepHiJiepHH 
PycT. nep (piic. 112, ö, ö), KOxopaH cymccxBeHHO BJIHHeX Ha SHCpreXH- 
'qecKHe h KaBHxaixHOHHbie xapaKxepncxHKH paöoqero KOJieca. B coox- 
EeXCXBHH C HMeiOmHMHCH AaHHblMH HOMOHKJiaxypHHX paÖonHX KOJICC 
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Ap = pycT. bt — PycT. nep =14-4-18°, r^c pycT == Pm — EcjiH nepe- 
KpyxKa jionacxH (pHC. 112, e) öojibiue peKOMeHAyeMOH, neoöxoAHMo 
H3MeHHTfa napaMexpbi peuiexoK hjih npHHHXfa ^^pyrne yrjibi axaKH h pac- 
qex noBxopHXb. 

SnaqeHHH yrjioB axaKH h xapaKxep hx HSMeHeHHH BÄOJib paAHyca 
npHHHMaiox Ha ocHOBaHHH onbixa paspaöoxKH jiyquiHX paöoqHX KOJiec: 
y BxyjiKH oöbiqHO He öojiee a < 6 h- 10°, a Ha nepH4)epHH a = 0 -4- 2°. 
no npHHHXbiM SHaqeHHHM a y BxyjiKH h na nepH4)epHH cxponx napa- 
öojiy a = f (r). 



Phc. 112. K onpeAejieHHK) yrjioB ycxaHOBKH jionacxH y BxyjiKH h na nepH4)epHH: 

^ nepH<l)epHflHoe h KopHCBoe cctohiih JionacTH; 6 — TpeyrojibHHKH CKopKx:Tefi na nepH4>epHH 

H y KopHH JionacTH; e — «nepeKpyxKa» jionacTH. 


BBeAeHHe yrjioB axaKH oöocHOBbmaexcH cjieAyiomHMH cooöpajKe- 
HHHMH. HaBecxHO, qxo pacqex jionacxH npH domoihh AByMepHbix Mexo- 
ÄOB ocHOBaH, B qacxHocxH, Ha npeAnojiOÄeHHH nocxoHHCxBa uHpKyjia- 
HHH BOKpyr jionacxH b^ojib pa/inyca Fj, = / (r) = const. L^HpKyjinuHH 
BOKpyr JionacxH 

= t (ü„. - vj = =r. + r„ ( 321 ) 

rjie Fs — qacxb HHpKyjiHHHH, co3ÄaBaeMaH kphbh3hoh npcxJiHJiH; 
Fa — BHpKyjiHUHH BOKpyr npo(})HJifi, oöecneqHBaeMan BBe^eHHeM yrjia 
axaKH. 

Ecjih y KopneBoro ceqeHHH JionacxH He bboahxb yroji axaKH, xo pac- 
qexHan HHpKyjiHUHH BOKpyr npo^JHjin ÄOJiÄHa öbixb oöecneqeHa aa 
cqex yBejiHqeHHH ero KpHBHSHbi, nocKOjibKy oxHocHxejibHan CKopocxb 
noxoKa y BxyjiKH MeHbuie, qeM Ha nepHcJiepHH (pnc. 112, 6). OxHome- 
HHe Fa/Fj, aaBHCHx ox 6bicxpoxo;iHocxH npoenxHpyeMoro paöoqero 


5 7-204 
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KOJieca. OöbWHonpH pacqexe KOpneBoro ceqeHHH BfaicoKOHanopHux pa- 

öotJHx KOJiec npHHHMaiOT Fa/Fj, = 0,33-r-0,5; äJIH HHSKonanopHHX 

F /F = 0 33. 

OnpeAc<nHB bxoähbic h BfaIXOJ^HbI6 yrjibi h HanpaBJiBHue HeBOSwy- 
meHHoro noTOKa äjih pac^eTHbix ce*ieHHH, nepexoÄHT k pac*ieTy npo- 
(J)HJieH P6III6T0K, HX KOMIlOHOBKe H BblÖOpy OCH HOBOpOTa JIOIiaCTH. 


§ 58. Mexofl noÄteMHBix chji 


B npaKTHK 6 paCT 6 Ta ocbbhx paöomix kojibc Hapa^y c ^pyrnMH 
MCTOJiaMH naXOAHT npHMeHeHHG MGTOÄ nOÄTsGMHHX CHJI. Ha 3ajI,aHHbI6 
napaMGTpbi xypöHHbi (pacncTHbie MoiuHOCTb, Hanop h cHHxpoHHaa ’-iac- 
TOTa BpamGHHfl) B COOTBGTCTBHH C H3JIOJK6HHOH BbllllG M 0 TOJIHKOH Bfal“ 
ÖHpaioT HCXOÄHbie napaMerpbi pacneTHbix peuieTOK h onpeACJiaiOT Tpe- 
yrojibHHKH cKopocTeö Ha bxoäg h bhxoa^ h 3 paöonero KOJieca. B xoa^ 
pacneTa pemeTOK bhhhcjihiot BCJiHHHHy UHpKyjiauHH BOKpyr jionacTH 
npH sanäHHbix pac*ieTHbix napaMcxpax npH noMomn BbipaxiGHHH (321) 
H 3 HaH 0 HH 0 K 03 (jK|)HH,H 6 HTa IIOäT^GMHOH CHJIbl npO(J)HJIH B P 0 III 6 TK 6 



(322) 


B peayjibTaxe pacHGTOB npH homoiah yKaaaHHbix bmuig aasHCH- 
MöCTefi onp0Aeji5iK)T napaMexpbi npoeKTHpyGMbix peiuGTOK: Pm» 

l H Q/p. Flo BbIHHCJieHHbIM 3HaH0HHHM C^p, HOJIbayHCb 3KCnepHM0H- 

TajibHHMH AaHHbiMH HCCJiGÄOBaHHfl peuiGTOK npo4)HJi0H pasjiHqHHx napa- 
MexpoB {Ht, PycT, a), noÄOHpaiOT pGmexKH, npcxJiHJiH Koxopbix oõ0cne- 
HHBaiOX H0o6xOÄHMbI6 BGJIHHHHbl Cy^ HB paCHGXHbIX C0H0HH5IX IipH 
MHHHMajIbHbIX HOXGpHX SHGpXHH H BblCOKHX KaBHXaUHOHHblX KBHGCXBaX. 

3Kcn0pHM0HxajibHbie ÄaHHbiG pemexoK paajiHHHbix napaMexpOB or- 
paHHHGHbl, nOSXOMy MO>KHO XaK>Ke B0Cn0JIb30BaXbCH OBblXHblMH ;iaH- 
HblMH HCCJIGÄOBaHHH OÄHHOHHblX BpO^IHJieH paBJIHHHblX KJIBCCOB (npO- 

4)hjih BHFM, NACA, Clark h äP-)- Bjihhhhg pguigxkh yqHXbmaGxcH 

npH noMOiuH K03(i)4)HUHeHxa K. onpGÄejineMoro no ^opMyjie 

KoxopbiH saBHCHX ox xycxoxbi H yrjia ycxanoBKH pemexKH K = 
= f illt\ Pvct)- Ho BbiHHCJieHHOH BGJiHHHHe Cy^ H npHHHXbiM napB- 
M 0 XpaM pGlDGXKH onpGÄeJiHiox KO34)4)HnH0HX nOÄ^^eMHOH CHJlbl OÄHHOq- 
Horo npo4)HJiH 

KO34Kj)HnH0HX BJIHHHHH pCUIGXKH K OnpeAeJIHIOX HO HOMOrpaMMG 
BGHHHra (pHC. 108). PacnGXHOC 3Haq0HHe Cy BbiöpaHHoro npo^iHJiH co- 
rjiacHO KpHBOH Cy = / (ot) oÖGcnGqHBaexcH npH HeKOxopoM yrjie axaxH 
a, ÄJIH BbiqHCJICHHH KOXOpOFO OOJIbSyiOXCH MeXOÄOM IlOCJIGÄOBaXGJlb- 
Hbix npHÖJIHÄGHHH. 
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Cnaqajia nojiaraiox, qxo Pycr = Pm (et = 0); no HOMorpaMMG naxoÄHX 
HyjI0BO0 npH6jIH>K0HHG K03(})(|)HnHGHXa Ko = f {l/t; Pyer) H HO HGMy 

BbiqHCJiHFOX sin ai = YJuIKqW^ h a\ (BGJinqHHOH TjT aanaioxca). 
riocjiG 3X0X0 yxoqHHiox yroji ycxanoBKH npo(})HJiH — a, bg- 

jfflqHHy Kl — f {l/t; Piy^^) h BbiqHCjiaiox BXopoG npHÖJiHJKGHHG yxjia 


axaKH 


sm tto = 


nlKiWf, 


(324) 


SaxGM yxoqHHiox yroji ycxanoBKH p 2 yj,^ = 
— p^ — a; K03(p(pHnHGHT Kt = f{l/t; p2y„) 

H onpGÄCJiHiox xpGXbG npHÖJiHJKGHHG yxjia 


axaKH: 


sina, = 


^ JllKzWm 


H X. Ä- 


B KOHGHHOM HXOFG BbiqHCJIGHHbIH yFOJl 

axaKH äoji>kgh öbixb paBGH yrjiy, npn koxo- 
pOM OÖGCnGqHBaGXCH XpGÖyGMOG 3HaqGHHG 
Cy — f (a) äJih OÄHHoqHOFo npoiJiHjiH. 

MgXOÄ nOÄl-GMHblX CHJI ÕblJl yCOBCp- 
mCHCXBOBaH aKBÄGMHKOM F. O. OpOCKypOH, 
KOXOpbIH npGÄJIOHtHJI npH OnpGÄGJIGHHH KpH- 
BH3Hbi npo^HJiH yqnxbiBaxb xojiin,HHy norpa- 
HHqHOFO CJIOH. lloCJlG BblÖOpa npO(J)HJIGH H 
onp0A0Ji0HHH yrjioB hx ycxanoBKH b pacqGx- 
Hbix CCqGHHHX HX coÖHpaiox B nJIBBHyiO JIO- 

nacxb. 

§ 59. KoMnoHGBKa pemexoK npo^mjien 



Bxcdnay 

^KpOMHÜ 




'^s/2 Bbixoõnas 

KpOMKa 

Phc. 113. KoMnOHOBKa 
pacqexHMX peniexoK b 
Jionacxb: 

/ “ pa;iMa/ibHaH BxoflHa59 

KpoMKa; 2 — jionacTb c KpoM- 
KaMH, OTOFHyXblMH IipOTHB Bpa- 
meHHH; 3 — KpOMKH, OTOrHy- 
THe no H-anpaBJieHHK) BpameHHS 


Pacqcx pCniGXOK npod)HJI0H npn nOMOmU KaMH. oTorHyxbiMH npoxHB Bpa- 

^ meHHH; 3 — KpOMKH, oxorHy- 

ÄByMCpHblX M0TOÄOB BbinOJIHHCXCH 003 yqGXB Twe no nanpaBJieHHio BpameHHfl 

HX BSaHMHOFO BJIHHHHH. OoaXOMy KOMOOHOBKa 

npo{J)HJiGH B Jionacxb ocymGCXBJiHexcH HGpacqGXHbiM nyxGM. Kan no- 
KaaajiH onbixHbie HccjiGÄOBaHHH ocgbbix paöoqnx kojigc, pasjiHqnaa 
KOMnOHOBKa OäHHX H XGX >KG npOlJlHJIGH paCHGXHblX pGmGXOK npHBOaUX 
K pa 3 H 0 H (]DOpMG JIOnaCXH H CymeCXBGHHOMy OXJIHqHFO 3 HGpFeXHqGCKHX 
H KaBHXanHOHHblX XapaKXGpHCXHK XypÖHHbl [28]. JTyqUIHG 3 HGpF 0 KaBH- 
XaUHOHHblG XapaKXGpHCTHKH paÖOqGFO KOJieca ÄOCXHFaiOXCH B XOM CJiy- 
qac, 0 CJIH BbixoanaH KpoMKa jionacxH b MepHÄHonajibHOH npocKUHH fo- 
pHSOHXaJIbHa HJIH H 0 MHOFO HaKJIOHCHa ÜO HanpaBJICHHK) K n 0 pH(]D 0 pHH, 
a B njianc paa,HajibHa (pnc. 113 ). PaanajibHaa BbixoÄHan KpoMKa jionacxH 
npGAnoqxHXCJibHce xbkäc c xGXHOJiOFHqccKOH xoqKH 3 peHHH. SaAaB- 
lUHCb (})OpMOH BblXOAHOH KpOMKH, «COÖHpaiOX» paCqGXHblG CGqGHHH 
jionacxH. 
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KajKj^oö pacqexHOH pemexKH npo(J)HJieH HSBecxHbi cJiCÄyiomHe 
BCJiHqHHbi: mar ~ ; rycxoxa (y]., ÄJiHHa xopÄbi npo(J)HJifl /,• = 

== H yroji ycxaHOBKH Pycx- OpoeKUHH npo(})HJieH b njiaHC h na mc- 

pHÄHOHaJIbHOH ÜJIOCKOCXH onpeÄeJIHIOX npH nOMOIUH SaBHCHMOCXefi. 



Phc. 114. TeopeTHHecKHH «lepTejK vionacra occBoro paöoqero KOJieca. 


Bu6opocH noBopoxa JionacTH. Ocb noBopoxa BbiÖHpaiox xaKUM o6pa- 
30M, qxoöbi OHa npoxoAHJia HeAajieKO ox uenxpa AaBJieHHB jionacxH 
(pHc. 115, ü). npH xaKOM nojiojKeHHH ocH noBopoxa xHApaBJiHqecKHH 
MOMCHX, ÄeficxByiomHH co cxopoHbi noxoKa Ha Jionacxb, npH pasjiHq- 
Hbix yrjiax ycxanoBKH HMeex MHHHMajibnyio BeJiHHHHy. 3xo nosBOJinex 
BbinojiHHXb cepBOMOxop H BxyjiKy paöoqero KOJieca MHHHMajibHbix paa- 
MepoB. OKOHqaxejibHo nojiojKCHHe och noBOpoxa BbiÖHpaKDx nocjie 
onbixHoro onpeÄejieHHH chjiobbix xapaKxepHcxHK MOAeJibHoro paöo¬ 
qero KOJieca. Kan noKasbiBaKDX onbixHbie HccjieÄOBaHHH MOACJieö [11], 



Phc. 115. K Buöopy och noBopoxa .qonacxH: 

a — HepHAHOHajibna» npoeKiiHfl h hjihh jionacxH; 6 — KopHCBoe ceieHHe; 
- e — nepH4)epHftHoe ceqeHHe. 


üojiyqeHHbie snaqeHHH lm- oxKJiaÄbieaiox b MepHAHOHajibHöfi hjioc- 
KCCXH Ha COOXBCTCXByiOmHX IlHJTHHÄpBqeCKHX CeqeHHflX Bsepx ox npH- 
HHXOH ropH 3 üHxa.abHOH BbixojHOH KpoMKii H HOJiyqaiox MepHÄHOHa.nb- 
iiyio npocKUHK) bxoahoh kpomkh. BbiqHCJieHHbie SHaqeHHB lu. oxK.ia- 
ÄbiBaiox B njiane ox paÄiia.ibHOH bbixoahoh KpoMKH bäojib ^yr OKpy>K- 
Hocxefi pacqexHbix ceqeHHH h no^myqaiox npoeKUHK) bxoähoh kpomkh. 
KpoMKH jionacxH aoji^khm öbixb njiaBHbiMH. Ecjih npH npHHHXbix napa- 
Mcxpax jionacxHOH CHCxeMbi He oöecneqHBaexcH njiaBHOCXb KpoMOK, 
c.r[e;i,yex sa^aTb hoebic napaMexpbi pemexoK {l. t,ci u Jip-), iisMeHHXb rpa- 
HHMHbie ycjiOBHB (hb BXOj,e H Bbixojie H3 paöoqero KOJieca) h noBxopiiTB 
pacqex. 

Ha xeopexHqecKOM qepxejKC jionacxH noKasbiBaKDX MepHjiHOHajib 
HyK) npoeKHHK) h ruian jionacxH, a xaKÄe paaeepxKH HHjiHH;i,pHqecKHX 
ceqeHHH JionacxH na hjiockocxh (pHC. 114). PasMepbi hhjihhäPH*i^ci^^^ 
ceqeHHH npocxaBJiaiox na qepxea^e, HcnoJibsya pacqexHwe Ä^HHbie 
jionacxH (cm. npHMep pacqexa, xaöji. 27). 


ueHxp ÄaBJieHHH Jionacxeö HOMeHKJiaxypHbix oceBbix paöoqnx KOJiec 
Ha onxHMajibHOM pejKHMe paöoxbi naxoÄHxcB npHMepHo na paccxoH- 
HHH xs = xU = 0,35 -b- 0,45oxbxoähoh kpomkh JionacxH (pnc. 115, 6). 
yqHXbiBaa sxh peKOMeHjiaHHH, (JiHKCHpyiox ocb noBopoxa JionacxH cna- 
qajia na KopneBOM ceqeHHH, a saxeM onpeAejiniox ee KOopÄHHaxbi na 
npo4)HJiHX ocxajibHbix pacqexHbix ceqeHHH (cm., HanpHMep, pHC. 115, <s, 
r^e yKasaHbi Koop;iHHaxbi och noBopoxa ai h bi na nepH(|)epHHHOM 
ceqeHHH). 

OXJIOJKHB paCCXOHHHH öy H by B MepHÄHOHaJIbHOH HpOeKUHH H Ha 
njiane JionacxH (pnc. 115, ö). npoBO^HX npoeKUHH och noBOpoxa, koto- 
pbie onpeACJiHiox ee nojiomcHHe no oxHomeHHK) k npocJiHJiHM Ha ocxajib¬ 
Hbix pacqexHbix ceqenHBX. )KeJiaxejibHo Bbiöpaxb ocb noBopoxa hhjkc 
HCH xpa xHJKecxH jionacxH. Hpn sxom mombhx HeHTpo6eH<Hbix chji öy^ex 
HanpaBJiCH npoxHB HsrHÖaioinero MOMCHxa, ÄCHcxByioiHero co cxopoHbi 
noxoKa Ha Jionacxb. B peayjibxaxe cyMMapHoe HanpameHHC b KOpHe- 
BOM ceqeHHH jionacxH yMCHbuiaexcH. 
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JIjih oöecneqeHHH ÄonyckaeMtix Hanp5i>KeHHfi b ce^eHHHX jionacTH 
saÄaioTCH onpeÄejieHHofi tojuuhhoh jionacra y KopHB h na nepH(})epKH. 
CorjiacHO AaHHbiM HOMeHKJiaTypHbix paõoqnx ko;i^c (TaÖJi. 23) MaKCH- 
MaJIbHaa OTHOCHTeJIbHan TOJIIIJ.HHa JIOnaCTH ömax — öfnax/^ = 8 -r- 

12% — y BTyjiKH; 6max = 1,5 2,8% — na nepH(i)epHH. 

ZIjih yMeHbiiieHHH CTecneHKH noTOKa h yjiyqmeHHH KaBHTaiiHOH- 
HblX Ka*I6CTB paÖO^BFO K0JI6Ca TOJIlUHHa JI0IiaCT6H /l,OJI>KHa ÖbITb MHHH" 

MajibHOH, HO jtocraTOTOOH oõecneHeHHH hx HeoöxoÄHMOö npoHHocTH. 

§ 60. Pac^ier peraeroK npo4)HJieH (oöparaaÄ sa^a^a) 

BHxpeBOH MCTOÄ paCTCTa peracTOK ÖecKoneTOO tohkhx npo4)HJieH 

ToHKHe cjiaöo HsornyTbie npO{J)HJiH b pemcTKax mojkho saMeHHTb 
BHXpCBbiMH CJI05IMH c onpcÄGJieHHbiM saKOHOM pacnpeAeJieHHH BHXpeÖ 
y (s) BÄOJib CKeJieTa. B pesyjibxaxe pemeHHH oöpaTHOH saAaHH aah sa- 
AHHHoro njiocKonapaAJiejibHoro noxoKa h onpoAGJieHHoro saKona pac- 
npeAeJieHHH BHxpefi HaxoAHX (J)opMy npo(|)HJifl pacnexHOH pemexKH, 
B Ka>KAOH xoHKe Koxoporo cyMMapHaa cKopocxb noxoKa HanpaBJiena 
no Kacaxe^TibHOH [7; 28], B npcAnojiojKeHHH noxenuHaAbHoro noxoKa 



Phc. 116. rHÄpoÄHHaMH«iecKa« cxeina pemeTKH npo(J)HJieH h Bbiöop 

pacqeTHbix xo^eK. 

nepea paöo^ee KOJieco A^ftcTBHe cha bhskocxh hg y^HXbiBaexcH. JXony- 
meHHe o HeBHSKOM noxoKe nenpHeMAeMo npn paccMOxpeHHH abhjkg- 
HHH 5KHÄKOCTH HGnocpeAcxBeHHo BAOAb AonacxGH pa6oHero KOAeca. 
B norpaHH^iHOM cjioe na noBepxHocxH Aonacxn cKopocxb HSMeHHex 
CBoe sHaneHHe ox nyAH ao KoneHHofi BeJiHHHKbi. PesKoe HSMGHeHHe cko- 
pOCXH HBAHGXCH npHQHHOH BHxpeoöpasoBaHHÖ B norpaHHHHOM CAOe. 
CAeAOBaxeAbHO, norpaHHHHbiH caoh mox^ho paccMaxpHBaxb Kax^BHXpe 
BOH CAOH, COCXOHLAHH H3 HCnpepblBHO pacnpeAeJIGHHblX BHXpeH OnpG 
AeJieHHOH HHXeHCHBHOCXH. BHXpGBbie CAOH, HMHXHpyKDIAHe OpOC^DHAH 
pemexoK, BbiGbmaiox paapbiBbi HenpepbiBHOcxH 4)yHKHHft cKopocxH 
H AaBAeHHH. 

rioBepxHocxb AonacxH oöpaaoBana ceMcftcxBOM ahhhh xoKa oxho- 
CHXCAbHOrO nOXOKa H BHXpCBblMH npHCOCAHHeHHblMH AHHHHMH (§ 14 
16). CACAOBaxeAbHO, Hxoöbi onpeACAHXb npO(J)HAH pemexoK, hcoöxo- 


AHMo HafixH (})opMy AHHHH xoKa peayAbXHpyKDiAcro oxHOCHxeAbHoro no- 
xoKa. PesyAbXHpyiomyK) CKopocxb oxHOCHXCAbHoro noxoKa b akdõoh 
xoHKe (b xom HHCAe H Ha npo(J)HAe) mojkho npcACxaBHXb KaK cyMMy cko- 
pocxeö HCBoaMymeHHoro noxoxa Wm h CKopocxH HHAyu^HpoBaHHOH 
BHXpHMH, paCnOAOJKeHHbIMH Ha npO^JHAHX pemeXKH (pHC. 116). 

OnpeAGAHE BeAHHHHbl H HanpaBACHHA OXHOCHXeAbHbIX CKOpOCXefl 
B pac^exHbix xoHKax npo4)HAH, naxoAHx (|)opMy ero CKCAexa. 

TpeöyeMaH BCAHAHHa HHpKyAHHHH BOKpyr npo4)HAfl oöecneHHBa- 
excH npHHHXbiM aaKOHOM pacnpeAeACHHA BHXpefi baoab npo(J)HAH: 

+//2 

r = 7 (s) ds, (326) 

—//2 

FAe Y (s) — noFOHHan HHxencHBHOcxb BHxpcBbix caocb; — 

öeapaaMepnaH nepeMeHHaa HHxeFpHpoBaHHn; / —aahkh xopAti npo(J)HAH. 

npH pacHexe pemexKH npo(J)HAeH kohchhoh xoAmHHbi hcoöxoahwo 
3aAaxbCH aaKOHOM pacnpeAeACHHA ocoöeHHOcxefi, BKAiOHan hcxohhhkh- 
cxöKH. CyMMapHoe xe^ieHHe HeBOSMymeHHOFO nAocKonapaAACAbHoro 
nOXOKa H nOXOKa, BbI3BaHHOFO OCOÖeHHOCXHMH, AOA3KHO ÖfcIXb XaKHM, 
HXOÖbI OAHa H3 AHHHH XOKa ÖblAa 3aMKHyXOH H HO CBOCH ^JOpMC COOXBCX- 



Phc. 117. rpaHOTHbie ycjioBHs Ha KOHxype 

B peuiCTKe. 


cxBOBaAa yAoöooöxeKacMOMy npo{J)HAK). SaMKHyxyio ahhhkd xoxa cyM- 
MapHOFO nOXOKa npHHHMaiOX aa KOHXyp npOcjDHAH KOHCHKOH XOAlI[.HHbI. 
ycÄOBHe HenpoHHHaeMocxH npo{J)HAH (pHc. 117) cocxohx b xom, qxo 
OXHOCHXeAbHWe CKOpOCXH KacaXCAbHbl B AK)6 oH XOHKe npO(|)HA53 
Vn = Un HAH W^n + V^n ^ Wn = 0, 

B AonoAHCHHe k (326) aoajkho xaKxce BbinoAHHXbCH ycAOBHe 

+//2 

j* q (s) ds = 0, (327) 

-112 

FAe 4^yHKHHH q (s) xapaKxepHsyex npHHHXbifi aaKOH pacnpeAeACHUii 

HCJXOHHHKOB-GXOKOfi BAOAb CpCAHeÖ AHHHH npO{J)HA5I. 

OpH npHHHXOM aaKOHe pacnpeACACHHK ocoõeHHOcxeö baoab cpcA- 
Hefi AHHHH npo(J)HAH KOHeHHOH xoAU],HHH nocACAOBaxeAbHO onpeACAHiox: 
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d)opMy CKCJiexa npo4)HJiH, 4)opMy npo4)HJiH KOHeqHoft tojuuhkh h bh- 
qHCJiHfOT CKOPOCTH H AaBJieHHfl Ha KOHType npo4)HJiH pemeTKH. 

CyiUHOcTb BHxpeBoro MCTOÄa. [7; 28]. SaÄaBiuHCb pacqerHHM peJKH- 
MOM (Qu ni), npHHHMaioT HcxoÄHbie BCJiHqHHbi pemeTOK äJih Bcex pac- 
qexHHX ccqeHKH, onpejuejiHioT BXOÄHbic h BbixojiHHC TpeyroJibHHKU 

cKopocTcfi H uHpKyjiHUHK) BOKpyr jionacTH (cm. § 56, 57). B pesyjib- 
Taxe ncpBoro sTana pacqexoB nojiyqaiox napaMCxpbi peiuexoK hjiockhx 
njiacxHH, Ha Koxopbix aaAaJoxcH saKOHOM pacnpeAe^cHHH BHxpeft, noc^e 
qcro npHcxynaK)x k onp6/i,^<^6HHio ^xDpMbi öcckohchho xohkhx cjiaoo 

HCKpHBJieHHbix npo(|)HJieH pemexoK. ^ 

CkOPOCXH, HHÄyUHpyeMbie BHXpCBblMH KOHXypaMH B JHOÕOH TOqKe 

c KOopÄHHaxaMH Xq, yo na pacqexHOM npo4)HJie (pnc. üd), onpeAtvin- 
EOxcH no (J)opMyjiaM: 


J r sh y (i/o — 1^) T (s) ds 

J Ch y(i/o-Kl)-COS^(Xo-C) 
—1/2 

sin^(Xo-C)T(5)ds 

1 l- 


2^ J ch^(i/o-^)-cos^(Xo-C)’ 1 

—1/2 i 


(328) 


rae Xo, */o — KOopÄHHaxbi pacqexHoft xoqKH na npo(J)HJie; t], C — ko- 
opaHHaxbi xoqeK, b Koxopux pacnoJioJKCHbi BHxpn. 

JXjih BbiqHCJieHHH HHayuHpyeMbix cKopocxeö b pacqexHhix joqKax 
npO(J)HJiH HeoöxoÄHMO aaaaxbCH saKOHOM pacnpeaeJieHHH BHxpeö baojib 
npO(J)HJiH H npHHHXb nyxb HH-^erpHpoBaHHH. B nepBOM npHÖJiHHteHHH 
BHxpH pacnojiaraiox baojib HSBecxHOH xopani npo^JHJifi. SaKOH HSMeHe- 

HHH nJIOXHOCXH BHXpCH BÄOJIb npO(^HJIH npHHHMaiOX B BHAC pHÄB Fvia- 

yspxa: 

■Y (6) = Aodg^ + Al sin 6 + ^ sin 26 + sin 36 + • • • + A^ sin «6. 

(329) 


Bboähx oxHOCHxeJibHyio KOopanHaxy xohkh na npO(|)HJ]e o — s/l/2 — 
= eos 6 H Bbipa>Kaiox qepea nee xpnroHOMexpHqecKHe (])yHKHHH, bxo- 
aniUHe B paa (329): 


sin 6 = — o^; sin26 = 2a]/1 — o^; 

sin 36 = — ]/l —+ 4a^ V 1 — o"; 
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riocjie noacxanoBKH snaqeHHH etg-^; sin 6 ; sin2e b (329) noJiyqaiox 

7 (cr) = y4o Ar Ai^ 1 — cr^ + 2^420]/ 1 — 

+ As {4 g^ ]/ 1 — + •.. (330) 

CyMMapnan HHpKyjinnHa BOKpyr npo4)HJi5i onpeaejiaexcH npH noMomn 
BbipaÄeHHH (326), b KoxopoM ds = — sin 6 dö. 

OoacxaBHB B (326) anaqeHHe 4>yHKu.HH 7 corjiacHo (329), noJiyqaiox 


lU 


, _ l I ^ o‘frf__i_ A eiTi ft «J_ A oitn Oft _1_ A oin Qft _J ^ 

~2“ j ^0 2 I ^ ■‘‘1 1 ^J -*^3 - 

0 ' 


+ y4* sin k6) sin 6 d6. 


(331) 


Hnxerpajibi xHna j* sin^ö sin /i 6 dö BHqHCJiniox, HcnojibsyH cbohcxbo 


opxoroHajibHOCxH xpnroHOMexpHqecKHX (})yHKHHH: 


41 . 

npH k^n ^ sin Ä6 sin n 6 d6 =0; 


tc 

npH k — n ^ sin k6 sin n 6 d6 — ^ • 
0 


Bce HHxerpajibi axoro xnna paBHbi nyjiio, aa HCKJiroqeHHeM oanoro, 
y Koxoporo k = l. TaKHM oöpaaoM, nHpKyjiHHHH BOKpyr npo(})HJiH 

r = ^(A + 4-A). (332) 

Ha ypaBHCHHH (332) cjieayex, qxo uHpKyjiHHHH BOKpyr npocjDHJin 
jionacxH coaaaexcH aa cqex yrjia axaKH Ta = f (Aq) h KpHBHSHbi npo- 
<|)HJi£ Ts = / (y4i). OcxajibHbie qjienbi pnaa (330) bjihhiox na paenpe- 
aejieHHe CKopocxefi aaoJib npo^JHJin, ne H3MeHHH cyMMapHyio UHpKy- 
JIHHHK). 

OnpeaejicHHe HHayUHpOBaHHbix cKopocxefi Ha npo^JHJie npH ajuiHn- 
XHqecKOM aaKOHC pacnpeaejieHHa BHxpefi. B cjiyqae anji HnxnqecKoro 
aaKOHa K03(j){J)HLi;HeHX y4o = 0, h UHpKyjifmHH BOKpyr npo(j)HjiH eoaaa- 
exca xojibKO aa cqex KpHBHaHbi npo(J)HjiH (Ps — F). FipH 3 xom h3 (332) 


cjieayex, qxo 



(333) 


TaK KaK y4o = 0 H y 42 = y 43 = • • • = y4„ = 0, BbipaÄCHHe (330) 
ynpomaexcn: 

■i(,c) = ^vr^\ (334) 

FIpH JiioöoM aaKOHe pacnpeaeJienHa BHxpefi naoab npo(J)HjiH, b 
XOM qnCJie H SJIJIHnXHqeCKOM, CKOpOCXH, HHayUHpOBaHHbie BHXpeBbIMH 


233 




KOHTypaMH pemeTKH b TO^Ke c KoopÄHHaxaMH Xq, i/o na pacqeTHOM (oc- 
hobhom) npo(J)Hjie, onpeACJiBiOTCSi corjiacHO (328): 

+1/2 

- 1/2 ) 

+1/2 f 


I — ... ^ 

IlpH HHXerpHpOBaHHH BÄOJIb BHXpeBblX KOHXypOB KOOpAHHaXH T] 
H C npHHHMaiOT Bce BHaqeHHH, b xom qncjie h Xq, i/o- B sxom cjiyqae noA 
HHxerpajiaMH BbipaJKeHHÖ (328) nojiyqaexcH HeonpeAeAeHHOcxb BHAa 

^X 06 bl OX Hee HSÖaBHXbCH, HHAyUHpOBaHHyiO CKOpOCXb B JIIOÖOH 

xoHKe npo(})HAH pacKAaAbiBaiox Ha Aee cocxaBJiHiomHe: 
v' {Vx\ v’y) — CKOpOCXb, HHAyUHpOBaHHyiO BHXpHMH OCHOBHOXO KOH- 
xypa; v" {v", v^) —CKopocxb, HHAyaHpoBaHHyK) bhxphmh Bcex KOHxy- 
poB pemexKH aa HCKJiioqeHHeM ochohhofo (pacqexHoro). FlpoeKUHH cko- 

pOCXH, HHayUHpOBaHHOH B paCHeXHOH XOHKe Oq npO(})HJIH BHXpHMH OG- 
HOBHoro KOHxypa, onpeACJiHioxcH no BbipaÄeHHHM: 

+1 ^ ) 


(335) 


ÜJiH BbWHCJieHHH HHAyuHpoBaHHOH CKOpocxH HHxerpaji B Bbipa- 
jKeHHH (335) paaÖHBaiox na ABa HHxerpaJia, hmbh b BHAy, hxo vi = 


4rr 

1 — a 2 . 

3t/ J 
—1 

2 jt(a,-c)-* 


+1 

4r 

r /i-»* 

TÜ 

J 23T (a^ — C 


+1 

^ l f sh 
2/ J ch X — 


X_ 

eos {J. nl 


1 — o^-^dö 


n 2 r 

— -J 
^ nt 


4r f /l—a2 . ^ , 


, f -2?^ ]/r7r^da = 

cil X — eos p. ™ Op — 0 / 


(336) 


+i 

_ 2 r r 

Tti J eh X — eos p- 


T sin p 
2 jI (cI(, — a) 


1 — do. 


( 
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riocAe npeoöpaaoBaHHH nojiyqaiox: 


^ 2 r 
'>-=13 


'>>' = -13 


eh X — eos p. 


-?r sin p o 

2 T eos p 

eh X — eos’ p 2 ji (a^, — c) 


T sin p 

2ji(ao —a) 


— G® do; 


0^ da, 


( 337 > 


tag t = 2tlL 

Bboah oöoanaqeHHH: 

1 sh X 

2 eh X — eos p 

1 sin p 

2 eh X — eos p 

OKOHqaxejibHo aanHCbiBaHDx: 


T sin p /V 

- õ-^ ^ (<x); 

2 jtCTp —c ' 

T eos P 1 . / V 

õ-^ ^ (<^)» 

2 jta„ — o 


2 r r fl(a)(i-o") 


ir 2 r r 


V \—C‘ 


2 r f^/ 7 (a) (1 — a 2 ) 


(338) 


Vi- 


. riyxb HHxerpHpoBaHHH (xopAa npocjDHAH) paaÖHBaexcn na mecxb 
paBHbix qacxeft, h onpeAGJiHFOxcH HHAyuHpOBaHHHe cKopocxH b ceMH 
xoqKax: 0; 1; 2; 3; 4; 5; 6 ; (—1; —2/3; —1/3; 0; +1/3; +2/3; +1) 
(pHC. 116). HnxerpaJibi b (338) BbiqHCAHiox npn homoiuh ko3(J)4)huh- 
eHXOBA. A. HenoMHHiAero; xoxAa pacqexHbie 4)opMyjibi npHHHMaiox bha: 

< = I2IO01 — I2OG2 + 460 ö 3 — 120(24 + 2IO05]; 

640/ ^339) 

v; = i [ 210 & 1 — 12062 + 46 O 63 — I 2 O 64 + 2106,], 

XAe K034)4)HU,HeHXbi öi, «a . . - 6 ], 62 . . - onpeAGJiHiox no cneuHaJibHOÖ 
HOMorpaMMe (pnc. 118) (na pncyHKe npHBeAena cxeMa onpeAeJiennH 
SHaKOB K03{J)4)HHHeHX0B ü u b RJin pacqexHbix xoqeK npocJiHJin). 

B pesyjibxaxe BbiqHCJieHHÖ npn noMomH BbipaxKeHHH (335) h (338) 

HaXOAHX npOeKHHH HHAyUHpOBaHHOH CKOpOCXH B JII 06 OH XOHKe npo4)HjiH: 

= < + <;) (340) 

OnpeAGJieHHe HHAyUHpoBaHHbix cKopocxefi Ha npoiJiHJie npH Heaji- 
jiHHXHqecKOM aaKOHe päcnpeAejiCHHH BHXpefi. Mxoöbi oöecneqHXb aa- 
AaHHyio HnpKyjiHUHK) BOKpyr npoijDHJiH npn ero npneMJieMOÖ KpHBHane 
(/max < 6 -r- 8 %), BBOAHX yxoji axaKH tt. HaBecxHO, qxo cyMMapHaH 
HHpKyAHHHH BOKpyX npOCjDHJIH C03AaeXCH aa cqex KpHBHSHbl npO^HAH' 
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H yr;ia~aTaKH h onpeAejineTCH npH noMomH Bbipa^eHHH (332), b koto- 
poM Aq 0. HesjiJiHnTHHecKHH aaKOH pacnpe^e/ieHHH BHXpeü iiiHpoKO 
npHMeHHioT npH pac^exe pemeTOK oceBbix paöoqHx KOJiec, ocoöeHHO 
npo(J)HjieH KopHCBoro ceqeHHH. SaAaHHe sjiJiHnTHqecKoro saKona npH 
pacqexe KopHeBoro h cpeAHHX ceqeHHH JionacxH npHBCJio 6bi k qpeaiviep- 
HOH KpHBHsne npcK|)HJieH pemexoK h yxyAuieHHK) SHcprexHqecKHX h Ka- 
BHxauHOHHHX xapaKxepHcxHK paöoqero KOJieca. 

HesjiJiHnxHqecKHH aaKOH pacnpeAejieHHa BHxpefi baojib npo4)HJi5i 
aanHCbiBaexca cjieAyiomHM oöpaaoM: 

-f (c) = = -r» + T,(a). (341) 

rAe Y=(o^) — HHxeHCHBHOCXb BHxpefi, npeAcxaBJiaiomHX oöxeKaHHe njia- 
cxHHbi, ycxaHOBJieHHOH noA HCKOxopbiM yxAOM axaKH a; (o) — hhxch- 
CHBHOCXb BHxpeö, npeACxaBJiHiOLLi.HX oöxeKaHHe napaõojiHqecKoft Ay>KKH 
noxoKOM co cKopocxbK) Wf„, napajiJiejibHbiM ee xopAe. 
npH 3XOM U.HpKyJIHUH5I BOKpyX npO(})HJIB 
. + //2 +1 _ 

r= J y(s)ds = Aoj Yl^-Ldo-\- 
— 1/2 —1 

+1 

+ ^ j = r„ + r,. (342) 


CKopocxH, HHAyUHpoBaHHbie 7a (ct) h 7 ^ (a), o6o3Haqaiox cooxBexcx- 
BeHHo qepea UaHu^; xorAa cyMMapHan HHAyUHpoBaHHaH CKOpocxb v = 
= + npoeKiiHja CKOpocxH Ha ocb X: 


V, 


V. 



+ chX-cosu + 


+ 


All 

'W 


—1 


^shX 
ch X — eos fj. 


1 - 3“ 


(343) 


Kax H B cjiyqae sjiJiHnxHqecKoro saKona pacnpeAeJieHHH BHxpefi, 
npH sHaqeHHHX tj = Xo h C = noA HHxerpajiaiviH BbipaÄeHHH (343) 
noJiyqaexcB HeonpeAeJieHHOCxb. ^xo6bi HsöaBHXbCH ox nee, BbiqHCJiHiox 
oTAejibHo cocxaBJiHiomHe v'^ u v"(Vj^ = ^x)- 

üpoeKUHH CKopocxH, HHAyii.HpoBaHHOH 3 a 7 a (o) (ypjia axaKH), 
onpeACAHiOT no BLipa^KennnM: 


Aq sin p. 

2 

(344) 
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+1 1 -J 

-T/|±£d<T = 

2t J LchA —cosjA I ^o—^A ^ 1 —a 


(345) 


HnTerpaji b Ebipa^eHHH (345) bh^hcjihiot äjih mecTH paCTeTHbix 
TO^ieK (pHc. 116) npH noMoiuH K034x|)HUHeHT0B JX. A. HenoMHHiuero 

vZa = (iiibai — yuöa -f- ^ouag — louu^ T vjdwwB -r 

OnpGÄ&^JJlOT npO0KIXHH Ha OCb X COCXaBJIHIOmHX UHAyUHpOBaHHblX 
CKOpOCXeH, BbI3bIBaeMbIX (d) (KpHBHSHOH npO(j)HJIH), 


i,;=4scosmp; 


(347) 


j;" _ ^ (2 lOfli — 120^2 + 460^3 — 120^4 + 2 lOCg]. (348) 
2560t 

AnaJIOrHHHO BblHHCJlHIOX HpOeKIlHH Ha OCb Y COCXaBJIHHDIHHX HHÄY" 
HHpoBaHHbix cKopocxeft: 

BbISBaHHbIX "Ifa (d): 


Vya =^cosp; 


(349) 


^ ( 1265i - 90b, + 46053 - 18054 + 6305^ + 3345e]; (350) 


~~ 2560^^ 

BbISBaHHHX 'rs(d): 


d;s = —y t^ocosp; 


(351) 


=^^(210<)i-120h. + 46063-I206, + 2106a). (352) 

npoeKUHH pesyjibXHpyiomHX HHAyuHpoBaHHbix CKopocxefi b pac- 
qeXHblX XOHKaX npO(|)HJIH: 

= Vxa -r ^xa + Vxs + Vxs, \ ( 353 ) 

^ " 1 “ ^y°- * 1 " ” 1 " 

OnpeÄdJICHHC K03(})4JH4HeHT0B Ao H Al. XIjIH BblHHCJlCHHH HHAyUH- 
pOBaHHblX CKOpOCXefi B paC^eXHblX XOHKBX HeOÖXOAHMO 3Haxb K03{p- 
*HUHeHXbi Ao H Al, onpeÄeJisHoiuHe 3aK0H pacnpeÄeJieHHH BHxpen bäojib 
npo(j 3 HJiH. B Cjiynae sji.nHnxHqecKoro aanoHa, KOXÄa UHpKyjiHUHH b^- 
Kpyr npo(|)Hj:H cosÄaexcH xojibko sa cqex ero KpHBHSHbi, Aq — 0 h Aj — 

Z 4r 

— IxT ‘ 

ripH HesjiJiHHXHqecKOM saKOHe pacnpcAdJieHHH BHxpefi o6a ko34x|)h- 
UHCHxa Ao H Al B BHpa>KeHHflx (341) h (342) hc paBHbi Hyjiio h noA^ie- 
>Kax onpeAejieHHK). ZIjih sxofo na saAdHHbie ycjiOBHH BbiHHCJiHiox cyM- 
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MapnyK) UHpKyjiHUHio BOKpyr npo(})HjiH, nojibsyacb aaBHCHMOcxbio 

(321). 

B saBHCHMOCXH ox öbicxpoxoÄHOcxH HpoeKXHpyeMOXo paöoqero ko- 
jieca saAaFOXCH oxHomeHHeM ra/r=C^=0-r-l,0. JI-hh KopneBoro ce- 
qeHHH cymecxBeHHyFO pojib b cosAaHHH iFHpKyjiHUHH Hxpaex yroji axaKH, 
noaxoMy mojkho npHHHXb C' = 0,3 h- 0,6. SaAaBUiHCb BejiHHHHOH C', 
BuqHCJiHKDx Va H r^: 



(354) 

, r,= (i-c')r = 5!f‘. 

(355) 

OxKyAa nojiyqaiox: 


I A - 25C' . 

1 “ Jt/ ’ 

(356) 

. 4(i-c')r 

— Jt/ 

(357) 


' B XOAe BblHHCJieHHH K03(})(J)HUHeHXOB yXOHHHIOX yxoji yCXaHOBKH 

npO(J)HJIH B pemeXKC Pycx = Pm — flpH npHHHXOH BCJIHHHHe C' (Fa) 
onpeÄejiHiox yroji axaKH, nojibsyncb BbipaJKeHHCM (324). 

Mojkho xaKx^e sajiaxbCH HSMeHeHHeM yrjia axaKH a = f (r) BÄOJib 
pasMaxa jionacxH h no HSBecxHofi BejiHHHHe a HaöxH SHaqeHHH Fa h ko- 
3(JxJ)HU.HeHXOB Ao H Ai. 

OnpcÄCJieHHe K03$4>H4HeHT0B a n b. Ko34)(J)HH.HeHXbi a{d) u b (d) 
bxoahx b pacqexHbie (JwpMyjibi äjih BbiHHCJieHHH cocxasJiHiomHX HH^y- 
UHpOBaHHblX CKOpOCXeH Vxa, Vxs‘, Vya, Vys B paCHCXHblX XOHKaX OCHOBHOrO 
npO({)HJIH. C UeJIbK) ynponieHHH BblHHCJieHHH 3XHX K 03 (}xJ)HHHeHX 0 B co- 
^ cxaBJiCHa HOMorpaMMa (pnc. 118). JIjih 3xoh hcjih Ha HOMorpaMMy na- 

: HOCHX xop^y pacqexHoro npo(J)H;iH /p no^ yrjioM Pycx, npcÄBapHxejibHo 

i nepecHHxaB ee b Macmxaöe HOMorpaMMbi: 

(358) 

r^e 4 — uiar HOMorpaMMbi. 

BbiHHCjieHHyio xop^y 4 om paaÖHBaiox na mecxb paBHbix oipesKOB 
H oxMeqaiox xohkh 0; 1; 2; 3; 4; 5; 6, Koxopbie nocjieflOBaxejibHO noMe- 
maiox B Haqajio KOopÄHHax HOMorpaMMbi (r^e BHxpb oxcyxcxByex). Sna- 
qeHHH K034)(^HHHeHX0B a, 5 ÄJiH cooxBexcxByKDmHX xoqeK sanHCbmaiox 
B xaÖJi. 26. TaK, HanpHMep, onpe^eJieHHH K 03 (Jx|DHHHeHX 0 B b^ 

;iJi5i Bcex pacqexHbix xoqeK do na xopAe xoqny 1 |- noMemarax b na- 

qajio KOopAHHax, h b xaÖJi. 26 sanHCUBaiox sHaqeHHH a^, 5i jxJin xoqeK 

—1; —; —4’ 0; 4» T’ ^ ^P“ 3TOMB xoqKe —3: 

= 0 H 5i = 0. AnajiorHqHO nocxynaiox ä-hh ocxaJibHbix xoqeK, onpe- 
ÄejiHH 3HaKH Koa^xJJHUHeHxoB no cxeMe, npHBeÄeHHoft Ha pHc. 119. 
B xaöJi. 26 xoqKH na xopAe, b Koxopbix onpeÄGJiHiox HHAyunpoBaHHbie 
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IlocTpoeHHe npo(j)HJieH KOHewHOH TOjimHHw. B pesyjibTaxe pacqera 
nojiyqeHbi öecKOHeqHO TOHKHe npo4)HJiH pemeTOK. llocTpoeHHe npo4)H- 
jiefi KoneqHOH TOJimHHbi BbinoJiHHiOT HepacqexHbiM nyxeM, Hcnojibsyn 
BbiöpaHHyio MaKCHMajibHyio xojimuHy h aaKOH pacnpeÄeJiennH TOJimHH 
OÄHoro H3 rHÄpoflHHaMHqecKHX npo(i[)HJ]eH, oÖJiaAaiomHx bhcokhmh 
9H*^preTHqeCKHMH H KaBHTaiXHOHHbIMH XapaKTGpHCTHKaMH (npO<J)HJIH 

BMrM, NACA, Clark, Hötingen ^ BbiöpaB onpeflejieHHbiH npo- 

(})HJib (HanpHMCp, BHrM-15, TaÖJi. 
24), BbiqHCJiHiOT ero KoopÄHHarbi: 



X = 


— *np 
X- 


y = yi 


T ^nno/,. » 

jLV/%./ yv 

^np "maxnp^” 


100 % 


niax T 


% 


(364) 


rjlG /np 
peHHaa 


— ÄJiHHa npo(|)HJi5i, saMe- 
B^oJib ero CKejiexa; x^, 
ijy — xaÖJiHqHbie KOOpAHHaxbi npH- 
H5n'OrO npO(})HJIH, B % ; S^ax np % — 
npHHHxan MaKCHMajibnafl xoJiiu,HHa 
pacqexHoro npo4)HJia; Smax t % — 
xaÖJiHqnaH MaKCHMajibHan xojimnHa 
BbiöpaHHoro npo^iHJia. 

KoopÄHHaxy npo(J)HJiH x oxKJiaAWBaiox baojib cKejiexHoö jihhhh ox 

BXOÄHOH KpOMKH, a KOOpÄHHaxy y — B COOXBeXCXByiOmHX xoqKax x 

no o6e cxopoHbi (kbk paAHyc OKpyÄHOcxH) (pnc. 121). 

riocJie nocxpoeHHB npo{J)HJieH KoneqnoH xojimHHbi coönpaiox jio- 
nacxb (cm. § 59). 


Phc. 121. riocTpoeHHe npo4)H;ifl Koney- 

HOH 


flpHMep pacHCTE JionacTHoft chctcmm paöonero KOJieca THna nJl30. Pacqex 
BHnoOTCH Ha npe;!;nojiaraeMbiH oEXHMaJibHbiH peÄHM {Q{ = 800 Ajc’, «j = HO oõImuh). 
Ha OHTHMajibHOM peacHMe npHHHTbi: — / (r) = const; UHpKyjiauHH na Bbixo;^e 

H3 paöoHero KOJieca HBMeHHromeficH ot HyjiH y BxyJiKH äo -}-0,2 Ha nepH- 

4)epHH. ripHHHxo jiHHeHHoe HSMeneHHe Kz ot nyjiH flo +0,2 (cm. xaöji. 25). 

OopMa nojiocxH h rycxoxa peiiiexoK aa^aHH 6 jih3khmh HOMCHKJiaxypHOMy paoo* 

qeMy KOJiecy FUI30/587 ^^^^=0,45; z = oj; oxHocHxejibHaa MaKCHMaJibHaa xojimHna 

jionacxH HSMCHHexcH no jiHHeÖHOMy 3aKOHy ox BxyjiKH = 8,4% k nepH(J)epHH 

^max ~ rycxoxa pemexKH npHHHxa y BxyjiKH ///= 1,45, Ha nepH(J)epHH 1,16; 
rH;ipaBjiHqecKHfi KH/I, '»]r = 0,91 (cm. xaÖJi. 22, 23). 

OxHomcHHe F^/F äjih npo^jHJieö pemexoK pacqexHbix cenenHÖ npHHHxo no jinnefi- 
HoMy 3aKOH)^: y BxyjiKH F 5 j/F= 0,3, na nepH4)epHH F„/F = 0,1. OpHHHXbie BejiHqHHbi 
ly = f{r), YJT = f{r); K 2 = f{r) npoeKXHpycMbix pemexoK npo4)HjieH npe^cxas- 
JiCHbi Ha pHc. 122. 

Pacqex jionacxHofi cHcxcMbi paõoqero KOJieca Bbino.xneH BHxpcBbiM mgxoäom 
ÄJiH Dl = 1000 MM Vi H — \ M npH noMomn pacqexHbix (JwpMyji h b nocjiCÄOBaxeJib- 
HOCXH, b Koxopofi 3XH 45opMy;iH H3Jio3KeHbi B § 57, 60. Xl,3HHbie pacqexa ochobhbix 
napaMexpoB peuiexoK paöoqero KOjieca noMemeHbi b xaÖJi. 25. 


TaÕAutia 25. Pacnex peuiexoK paöoHcro Ko.neca IIJISO — 1000 mm; \ m; 
Q[ = 800 Ale; n{ = 110 oõImuu; 13 ^= Of 91; z = 6 



Pacqersbie ce^eHna 

PacncTHbie BeaH«iHHbi 

I 

11 

Iil 

IV 

V 

! 

r, M 

0,485 

0,43 

0,375 

1 

0,32 ! 

0,265 

7tn{ 

u — Ui — Uz — r(o— , Mjc 

5,575 

4,95 

4,32 

3,68 

3,05 

Kz = v^u^lri^gH 

0,2 

0,15 

0,1 

0,05 

0 


0,319 

0.971 

n.9n7 

0,121 

0 





% = 

1,904 

2,051 

2,252 

2,521 

2,9 


1,275 

1,275 

1.275 

1,275 

1,275 

^mti 

— "2 + 

0,261 

0.337 

0.387 

0,542 

0,796 

Pm 

14°38' 

18°39' 

21°9' 

28°27' 

38°31'' 

sin 

0.2527 

0,3193 

€,3608 

0,4764 

0,6227 

eos ^rn 

0,9676 

0,9475 

€,9327 

0,8792 

0,7824 

Wm = V i = 

5,046 

3,997 

3,53 

2,682 

2,046 

== V" [“ “ 4 






Mjc 





-1.6 

= “'m eos Mjc 

—4,883 

—3,789 

—3,296 

—2,359 

^my= sin Pm + 0^, MjC 

— 1,285 

1,275 

1,275 

1,275 

1,275 

/// 

1,15 

1,23 

1,31 

1,385 

1.46 

tfl 

0,87 

0,813 

€,762 

0,722 

0,685 

t — 2jtr/z, M 

0,507 

0,45 

€,393 

0,385 

0,277 

1/6, M 

0,582 

0,554 

€.515 

0,464 

0,403 

0,097 

0,0922 

€,0859 

0,0774 

0,0672 

r - In 

0,804 

0,804 

€,804 

0,804 

0,804 

c' = r“ 

0,1 

0,15 

0,2 

0,25 

0,3 

F 



F„ = CT, M?lc 

0,0804 

0,1205 

0,168 

0,2005 

0,241 

Fs = F — Ta, M^lc 

0,724 

0,6835 

0,643 

0,6035 

0,563 

II 

o 

0,088 

0,139 

0,199 

0,276 

0,381 


1,585 

1,57 

1,595 

1,65 

1,775 

sin a = Aj2Kwm 

0,00448 

0,0107 

0,0195 

0,0486 

0,0852 
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UpodoAOKeHue maÕA. 25 


Pac^eTHue BeJiHHHHu 

Pac^ieTHbje ceqeHHH 

1 

II 

III 

IV 

V 

a 

15' 

37' 

07' 

2° 47' 

4°53' 

K 

1,97 

1,65 

1,31 

1,06 

0,82 

PycT ~ ^rn “ 

14°23' 

18°2' 

20°2' 

25°40' 

33°39' 


2.0 

3,6 

5.2 

6.8 

8.4 


B KaqecTBe npHMepa npHBeAena nocjieÄOBaTe;ibHocTb pacqexa pemerKH Kopne- 
Boro ceqeHHH V — V. OcrajibHbie peiueTKH paccwHTbiBaiOTCH aHa-iorH^Ho. 

Onpe^e^ieHHC yrJia ycxaHOBKH npocJiHJin. Opn onpeAe^eHHH 
yrjia ycxaHOBKH npocJiHJiH b peuieTKC HcnoJibaoBaH MexoÄ noc^iCAOBare^ibHbix 

npHÕJiHmeHHH. ceweHHH V — V b nyjieBOM npHÕ.iHÄCHHH yroji ycxanoBKH npH- 
HHx = 38°3r. Oo HOMorpaMMe BeÜHHra (pHC. 108) rjih Py^^ = 38°31' 

H tjl = 0,685 K034)4)HUHeHx b;ihhhhh pemexKH K = 0,7. 

ripH noMoiuH aaBHCHMocxH (324) Bbmnc.neH sin a — 0,091 h HafiACH yroji axaxH 

= 5°10'. 



Phc. 122. Hc-xo^Hbie iianHbie .lonacTnoü CHcrcMbi paooqero K0.7eca 0/130. 


B peayjibxaxe iiojiyHen yrovi ycxanoBKH npo())H,iH b nepeoM npHÖviHÄeHHH 
PycT ~ Pm — = 38°31' — 5°10'= 33^2' h no no.MorpaMMe onpe^e-ieHO nepeoe 

npnõ.iHÄeHHe K03{|)(J)HUHeHTa — 0,865 = 35"'2' h / / = 0,685. Buhhc- 


Jien yroJi axaKU do Bxopo.M 


npnõ.THyKeuHH 


sin ^ = 


0,381 


2 • 0,865 • 2,046 


0,0845, 


a^") = 4°51' H onpeAe.ieH yro.x ycxanoBKH: = 38^31' — 4 50 —33°40'. 

Ko34)4)HUHeHX bjihhhhh pemexKH bo BxopoM npHÖ.iHJKeHHH = 0,82. yroji axaKH 

0 :< 8 \ / 3 \ 

B xpexbCM npHÖJiHÄeHHH sina = x —— 0,0852; a' ' = 4“53'. 

Z • U,oz • z,ü4o 


OpHHHxo a<^) = 4°53' h = 38°30 — 4°53' = 33°39'. 

OnpefleJieHHe KOScJxpHUHeHxoB a h b. Oo HSBecxHOMy mary homo- 
rpaMMhi = 0,392 m nepecwHxaHa Ä-XHHa xop;ibi pacwexHoro npo(J)HJi« b Macuixaõe 
HOMorpaMMbi /jj — (///) /jj = 1,46 • 0,392 = 0,572 m. OoJiyweHHaH xop^a paaÖHxa 

Ha luecxb paBHbix wacxefl = 0,0955 , h na neö HaMeweHbi pacnexHbie xo»ikh. 

pacwexHbix xohbk xopÄW no HOMorpaMMC onpe^e/ienb! anaweHHH Ko3<})(})HUHeHXOB 
a H b (cm. xa6,n. 26) b nocjieaoBaxejibHocxH, H3.noÄeHHOH b § 60. 


TaÕAui^a 26. SHaweHHsi K03(})(J)HUHeHT0B a h b b pacnexHux xoHKax 
xopÄW npo<})HJisi (pacwexHoe ceneHHe V — V) 


Ko94>- 

4)H4H- 

CHTfal 

Tohkh 

0 

SHaqeHHfl KOa^^^HUHeHTOB 

B pacqeTHfaix ToqKax Oj 

npo4)i;-ia 


—1 

—2/3 

-1/3 

0 

1/3 

2/3 

1 

Oo 

—1 

0 

0,078 

0,176 

0,318 

.0,413 

0,436 

0,438 

fll 

—2/3 

—0,078 

0 

0,078 

0,176 

0,318 

0,413 

0.436 


-1/3 

— 0,176 

—0,078 

0 

0.078 

0,176 

0,318 

0.413 

CI 3 

0 

—0,318 

— 0,176 

—0,078 

0 

0,078 

0,176 

0.318 

fl4 

1/3 

—0,413 

—0.318 

—0,176 

—0,078 

0 

0,078 

0.176 


2/3 

—0,436 

—0,413 

—0,318 

—0,176 

—0,078 

0 

0,078 

Ce 

1 

—0,438 

—0,436 

—0,413 

—0,318 

—0,176 

—0,078 

0 

*0 

— 1 

0 

0,103 

0,188 

0,211 

0,16 

0,116 

0,087 


—2/3 

—0,103 

0 

0,103 

0,188 

0.211 

0,16 

0,116 

*2 

-1/3 

—0.188 

—0,103 

0 

0,103 

0,188 

0,211 

0,16 

t ’8 

0 

—0,211 

—0,188 

—0,103 

0 

0,103 

0,188 

0.211 

^4 

1/3 

-0,16 

—0,211 

—0,188 

—0,103 

0 

0,103 

0,188 

h 

2/3 

—0,116 

—0,16 

—0,211 

—0,188 

—0,103 

0 

0,103 

b. 

1 

—0,087 

—0,116 

—0,16 

—0,211 

—0,188 

—0,103 

0 


Bbl^HCJieHHe HHÄyUHpOBaHHbIX CKOpoCXefi. CKOpOCXH BbWHCJieHbl 

no 4>opMy/faM (344) — (353) h (359), (360). Koop^HHaxbi xohkoxo npo())HJiH onpe^e- 
jieHbi npH nOMOinn saBHCHMocxeH (361) — (363). JlaHHbie pacwexa ceneHHH V — V 
no.MemeHbi b xa6.T. 27. 

OocxpoeHHe npo(J)HjiH KOHewHOH xojiluhhbi. 3aKOH pacnpeÄCJie- 
HHH xo.xmnH B.aovXb ripo4)H.iB npHHBX aHa.xoxHHHO npo{|)HJiio BOrM-15 (20%) 
(xaõ.T. 24). Taö.THioibiP anancHHa x^. h y.j, npo4)H.TB nepec^HxaHbi ä-tb ceqenHB V — V 
(/j^p = 0,402 M H = 8,4%) npH noMoiUH BbipameHHH (364) h sanHcaHbi b xaÖJi. 28. 


TaoAui^a 28. llocrpoeHHe npocpHJiH kohcmhoh xojimHHbi 
(ceweHne V — V, Di = 1000 mm) 


X. MM 

y, MM 

X, MM 


X, MM 

y, M.H 

5,02 

4.57 

60.4 

13,65 

281 

9,96 

10,05 

6,75 

80,4 

15,2 

322 

6,75 

20,1 

9,15 j 

120,5 

16,55 

362 

3,38 

30,15 

10,62 

201 

14,85 

372 

2,03 

40,2 

11,98 

241 

12,65 

403 
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TaÕAut^a 27. OnpeÄCJieHiie CKopocrefl h KoopÄHnar npo4)HJiii (ceqeHHe V — V) 
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Pac^ex pemexoK npo^injieH kohctooh tojiiuhhbi 
npH noMOiuH MexoAa ocoSeHHocxeH 

ripoeKTHpoBaHHe pemexKH npo(})HJieH KOHeqHofi TOJimHHbi na aa- 
ÄaHHbie ycjioBHH npH noMOiuH MeTO^a ocoöeHHOCxeH BbinojiHHeTCB ana- 
jiorHqHo HSJiojKeH^HOMy Mero/iy pac^exa pemcTOK öecKOHe^HO tohkhx 
npo4)HJieH. Ö6a MeTO^a paapaõoTaHbi JlecoxHHbiM A. h noÄpoÖHO 
HSJiOHieHbi B [7; 28]. B otjihmhc ot BHXpeBoro Mero^a pac^CTHbifi npo- 

4)HJIb KOHCMHOH TOJIIUHHbl HO CBOCMy BOSÄeHCTBHK) Ha HOTOK üpe^CTaB- 
JIHK)T CHCTCMOH BHXpBH H HCTOqHHKOB-CTOKOB, pacnOJIOJKCHHblX Ha CpCfl- 
HCH JIHHHH npO(J)HJI5I. 

Iiz:k TTrTUTTTJX_T* /// t^pppUL?X*-Ti:3 

4-^ a/JjdrlDl y V a^v..x\-#xcl ••/ 2^ClV...V- xx* 1 

mexKH; cKOpocTb Wm HeBOSMymeHHoro noxoKa; pac^eTHan UHpKyjiHUHH 
BOKpyr npo(J)HJiH F; OTHOCHTCJibHaH MaKCHMaJibHaa xojimHHa ömax npo- 
(J)H.n5i H saKOH pacnpeÄeJieHHH xojin;HHbi bäojib npO(J)HJiH; xapaKxep pac- 
npeÄCJieHHH cKopocxefl na npo4)HJie h äP- 

Ha saÄaHHbie napaMexpbi paccHHXbmaiox pemexKH npo4)HJieH ko- 
HCHHOH xojiuiHHbi; paCTCxoM OHpeAeJiHiox pacnpcÄeJieHHH cKopocxefi 
H ÄaBJieHHH Ha npo(^HJie Ha pacqexHOM peHiHMe, SHaneHHH KaBHxauHOH- 
Horo K03(}x|)HHHeHxa H CHJiy conpoxHBJieHHH pemexKH npH öeaoxpbiB- 
HOM oöxeKaHHH (xoHKa cxoAa noxoKa c npo(J)HJi5i naxoAHxcH na ero bh- 
xoähoh KpOMKe). 

riopHÄOK pacHexa cjiCÄyioniHH [7; 28]: 

1. SaÄaHHe saKona pacnpeAejieHHH ocoöeHHocxefi 7 (s) h <7 (s) na 
cpeÄHefi JIHHHH npoeKXHpycMoro npO(J)HJiH. 

2. PacHex h nocxpoenHe CKCJiexa npo(J)HjiH. 

3. Pacnex h nocxpoenHe KOHxypa npo4)HJifl KoneHHOH xojimHHbi. 

4. OnpeÄeJieHHe CKopocxefi h ÄaBJieHHH na KOHxype npo4)HJi5i b pe- 
mexKe. 

5. BbiHHCJieHHe KaBHxauHOHHoro K03(JxJ)HHHeHxa. 

6. BbIHHCJieHHe K034)(|)HHHeHXa COnpOXHBJieHHH npO(])HJlH. 

MexoÄ npoeKXHpoBaHHH peuiexoK npo(|)HJieH KoneHHofi xoJiuiHHbi 
sanporpaMMHpOBaH na 9BM. Öh nosBOJinex na saflaHHbie ycjioBHH npo- 
eKXHpoBaxb BbicoK 03 (J)(|]eKXHBHbie JionacxHbie cHcxeMbi oceBbix paöo^iHX 
KOJiec. 


rjiHBa vni. 7i;HArOHAJII>HI>IE nOBOPOTHOJIOIIACTHLIE 

rH;i;poTypBHHi>i 

§ 61. OÖJiacTb npHMeHeHHH h nepcneKTHBbi paaBHTHa 
AHaroHajibHbix rHApoxypÖHH 

UlHpOKoe npHMCHeHHe oceBbix noBOpoxHOJionacxHbix XHÄpoxypÖHH, 
HMeK)uj.Hx ÄBOHHoe pexyjiHpoBaHHe, oötHCHaexcH hx ebicokhm KFIJl, 
npH HSMeneHHH molu,hocxh h Hanopa na xypÖHHe. CpeflHesKcnjiyaxa- 
HHOHHbiH KHA oceBbix noBopoxHOJionacxHbix xypÖHH Bbime, MeM pa- 
ÄHajibHO-oceBHX (pHC, 123, a). KpoMexoro, b paÄHajibHO-oceBbix rn^po- 


xypÖHHax Ha peJKHMax qacxHHHOH narpysKH MOJKex HMexb Mecxo anaHH- 
xejibHan HecxauHOHapHocxb noxoKa. HyjibcanHH ÄaBJieHHH b noxoKe 
Ha BbixoÄe H3 paöonero KOJieca h b oxcacbmaiomeH xpyöe hbjihioxch 
npHHHHOH BHÖpauHH axperaxa, h äJih hx yMeHbuieHHH npHXOÄHxcn 
BHycKaxb B xypÖHHy Bos^yx (b ochobhom hoä paöonee KOJieco) hjih orpa- 
HHaHBaxb H3JvieHeHHe narpyaKH na arperax b npeÄCJiax ox 6i) äo 100% 
pacnexHOH moiii.hocxh. yKaaaHHbiö HeflocxaxoK jKecxKOJionacxHbix xyp- 
6 hh npaKXH^ecKH oxcyxcxByex y noBOpoxHOJionacxHbix xypÖHH. O^naKo 



npHMeHeHHe oceBbix noBopoxHOJionacxHHX rH;];poxyp6HH (pHC. 123, < 5 ) 
uejiecooöpaaHO npH nanopax ne öojiee 60 -f- 70 m. npH öojiee bhcokhx 
H anopax öbicxpoxoAHOcxb oceBbix xypÖHH cHHJKaexcH, a hx ycxanoBKa 
Ha r9C xpeöyex öojibuioro aarjiyÖJieHHH noa hhhxhhh 6be4>- B cbhsh 
c 3XHM Haspejia neoöxoaHMocxb cosaannn hobhx xnnoB noBopoxHOJio- 
nacxHbix rnapoxypÖHH nanopOB Bbiuie 50 -r- 60 jw h öojibuiHX H3Me- 
HeHHH HarpysKH. B 50-x roaax [10] 6hjih paspaöoxaHbi ÄHaronaJibHbie 
noBOpoxHOJionacxHbie rnapoxypÖHHbi (pHC. 123, 6), Koxopbie hmoiox 
eme öojiee njiaBHbie paöoqne xapaKxepncxHKH h bhcokhh KHj],, hom 
oceBbie noBOpoxHOJionacxHbie h oöjiaaaiox jiyqniHMH KaBHxauHOHHbiMH 
KaqecxBaMH (b § 6; 7 npHBeaeHbi HeKOxopbieaaHHbieHOBbix xhoob coBpe- 
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MeHHbix rHÄpOTypÕHH, B TOM HHCJic H ÄHaroHajibHbix). BjiaroÄapH pHAy 
npeHMymecTB no cpaBHCHHio c apyrnMH xHnaMH peaKTHBHbix rHÄpo- 
xypÖHH, ÄHaronajibHbie rnÄpoxypÖHHbi, b xom nncjie h oöpaxHWbie, 
B HacxoHmee BpeMH npHMCHHiox b Änanaaone nanopOB ^ = 30 -f- 150 jw. 

JXnaroHajibHbie rHApoxypÖHHH oöbihho cpaBHHsaiox c occBbiMH no- 
BopoxHOJionacxHbiMH B Änanasone nanopOB H = 36 — 80 m h c pa- 
ÄHajibHO-oceBbiMH npH // = 40 -j- 170 m. IlpH nanopax H > 50 
ÄHaroHajibHbie xypÖHHbi, KaK npaBHjio, ripeBOCxoÄHT BbicoKonanopHbie 
occBbie noBopoxHOJionacxHbie no SHaqeHnaM MaKCHMajibHoro h cpe^ne- 
SKcnjiyaxauHOHHoro KTLJX h KaBHxannoHHbiM KaqecxBaM. KpoMC xoro, 
OHH HMeiox SHaqnxejibHO Menbuiee oceBoe ycnjine, AencxByiomee na pa- 
öonee KOJieco, h Menbmne pasronnbie oöopoxbi, no necKOJibKO ycxynaiox 
oceBbiM xypÖHHaM no oöopoxnocxH. Ho oncHKaM ncKoxopbix cnennajiH- 
cxoB ÄnaronajibHbie noBOpoxnojionacxnbie XHÄpoxypÖHHbi öojiee cjiojk- 
Hbie B HsroxoBJieHHH. CjiCÄyex, oanaKO, noflqepKHyxb, qxo sxh cyTKjie- 
HHH ocHOBanbi rjiaBHbiM oöpasoM na ontjxe HsroxoBJienHa b 1965 r. 
nepBOH oxeqecxBeHHOH ÄHaronajibHon XHÄpoxypÖHHbi c KOHHqecKHM 
nanpasjiHiomHM annapaxoM jiJia. ycjiOBHH ByxxapMHHCKon FSC. B na- 
CTonmee BpeMH ÄHaronajibHbie XHÄpoxypÖHHbi HsroxoBJiaiox c paÄHajib- 
HbiM (uHJiHHÄpHqecKHM) HanpaBJiHiomHM annapaxoM, xaK nxo hx koh- 
CTpyKUHH Majio qcM oxjinqaexca ox oöbiqHon noBopoxnoJionacxHon 
occBOH rHÄpoxypÖHHbi. 

B ÄHanasone nanopoB H = 40 -i- \70 m ÄHaronajibHbie rH^poxyp- 
ÖHHbi npH snaqHxejibHbix KOJieöaHnax Momnocxn h nanopa npesocxo- 
ÄHT paÄHajibHo-oceBbie no snaneHHK) cpeÄHesKcnjiyaxauHOHHOro KFIJI, 
cnocoÖHOcxH K neperpySKe, hmciox öÖJibiuyK) öbicxpoxoÄHOCxb, no yc¬ 
xynaiox HM no KaBHxauHOHHbiM KaqecxBaM h cxohmocxhbim noKasaxejiHM. 

B Hacxoflinee BpeMH cymecxByex onpeÄejiennaH KJiaccH(J)HKauHH 
ÄHaronajibHbix XHÄpoxypÖHH no nanopaM h rH^paBJiHqecKHM noKasa- 
xejiHM: ZI,nJI-60 na nanopbi H = 36-^60 m‘, jinJI-45 na // = 50 -v- 

120 M. JXnJl-30 na n = 120 :200. 

OxjiHqHxejibHOH ocoöennocxbK) ÄHaronaJibHbix paöoqHX KOJiec hbjih- 
excH naKJiOHHoe pacnojioxKeHHe Jionacxen noA yrjioM 6 k och xypÖHHbi. 
TaK KaK JionacxH ÄHaroHajibHbix paöoqnx KOJiec noBopoxHHe, xo ana 
oöecneqeHHH MHHHMajibHbix aaaopoB KaMepa h BxyjiKa paöoqero KOJieca 
BbinojiHHioxcH c(J)epHqecKHMH (pHC. 123,6). Yroji naKJiona Jionacxefl pas- 
jiHqHbix no öbicxpoxoÄHOCXH ÄHaroHajibHbix xHÄpoxypÖHH HMeex xpH 
snaqeHHH: 0 = 60°; 45° h 30°, a hx qncjio z = 7 -f- 14. Mcm õojibme 
yroji 0, xeM öjihjkc ÄHaroHajibHaa xypönna npHÖJiHXKaexcH k occboh, 
y KoxopOH 0 = 90°. M naoöopox, c yMORbmeHHCM yrjia 0 BXOÄHaa h bbi- 
xoÄHaa KpoMKH pasBopaqHBaioxcH b paÄHajibHOM HanpaBJieHHH (ä-hh 
nenxpocxpeMHxejibHOH xypÖHHH 0 = 0°). TaKHM oöpaaoM, qeM MeHbuie 
yroji 0, xeM na Öojibuine Hanopbi ycxanaBJiHBaioxcH ÄnaronajibHbie 
rnÄpoxypÖHHbi. 

B xaöji. 29,30 opHEe^CHH neKOxopbie ÄaHHbie AnaronajibHbix rH^po- 
xypÖHH, npCÄJiaraeMbix A-an BKJiioqeHHH b HOMCHKJiaxypy [10]. npHMC- 
HCHHe ÄHaroHajibHbix noBOpoxHOJionacxHHX xHApoxypÖHH ajih KOHKpex- 
Hbix ycjioBHH npoeKXHpycMOH rSC MOiKex npHBCCXH K noBbiuieHHK) xex- 


TaÕAUua 29. Ochobhuc napaiMerpu AHaronajibHfaix h oceBux rHÄporypöHH 

na Hanopbi = 30 80 m 


XHnw 

KOJiec 

^Hana- 

30H 

^ano- 

POB 
// , M 

Othoch- 

xeJib- 

nan 

Bbicora 

HanpaB- 

JlfllO' 

lUero 

anna- 

paxa 

bo/D^ 

BxyjiotiHoe 

OTHOuieHHe 

d = d^-j/Dt 

Hhcjio 

JIO- 

nacreft 

2 

Otho- 

CHTCJlb- 

Has 

BbtCOTa 

OTcachi- 

satoniefi 

TpyCbi 

b/Di 

npHBeACHHblS 

pacxojl 

Jt/c 

t 

ripHBe- 

AeuHue 

o6o- 

KaBHTanH- 

OHHblft 

K03(}>4>HUH- 

eHT 

POTU 

"I. 

o6/muh 

TypÖHHbl 
cr^ npH 

Ql max 

Zieo-i 

30—40 

0,375 

0,5 

7 

2,3 

1400 

110 

0,3 

11J140 

20—40 

0,375 

0,42—0,45 

/? 

ü 

1 r\ 

1 ^f\/\ 1 OA^ 

1 / UU — 1 Z4u 

115 

0,68—0,4 

Z160-2 

35—40 

0,375 

0,5 

8 

2,3 

1550—1300 

105 

0,35—0,27 

nJi5o 

30—50 

0,375 

0,47—0,49 

7 

1.9 

1400—1110 

108 

0,5—0,33 

JX45-\A 

40—60 

0,35 

0,65 

8—10 

1,9 

1420—1250 

90 

0,33-0,226 

IIJIdO 

40—60 

0,35 

0,61—0.54 

8 

1,9 

1240—1040 

100 

0,4—0,28 

Ä45-14a 

60—80 

0,35 

0,64 

10 

1,9 

1330—1130 

90 

0,3—0.24 

nJI70 

45—70 

0,35 

0.57 

O 

o 

1,9 

1150—940 

100 

0.37—0,23 

j^45-146 

60—80 

0,35 

0,65 

10 

1,9 

1200—1030 

90 

0,28—0,18 

riJiso 

50—80 

0,35 

0,6 

8 

1,9 

1075—930 

100 

0,33—0,2 


TaõJuma 30. OcHOBHwe napaMCTpu AHaronaJibHbix h paÄHajibHO-occBwx 
THÄpoTypÖHH Ha Hanopbi //= 35-j- 170 M 


Xhiih 

pa6o'iHX 

KOJiec 

AnanaaoH 
HanopoB, H, m 

Othoch- 

TejibHaK 

BblCOTa 

HanpaBJiHK)- 

mero 

annapara 

bo/Dt 

Othoch- 

TeJIbHaH 

BfatCOTa 

OTcachi- 

Haioniefi 

TpyÖbi 

blD^ 

npHBexeHHbifi 

pacxoA 

Q{, a]c 

npHBeflCH- 

Hbie 

OÖopOTbl 

nj'. o6/muh 

KaBHTaUHOH- 
Huft KOS^xJiH- 
UHCHT Typ- 
ÖHHbl npH 

max 

JX60-2 

30—50 

0,375 

1,9 

1600—1500 

105 

0,36—0,32 

■p045 

35—45 

0,35 

2,6 

1400—1370 

78 

0,27—0,23 

JX45-14 

50—80 

0,35 

1,9 

1500—1380 

90 

0,38—0,33 

P075 

40—75 

0,3 

2,6 

1370—1250 

73 

0,243—0,16 

fl45-14a 

80—110 

0,3 

1,9 

1380—1250 

90 

0,33—0,26 

POI 15 

70—115 

0,25 

2,6 

1250—lOöO 

70 

0,168—0,097 

JX30-6 

110—170 

0,2 

1,9 

1150—750 

80—75 

0,13—0,09 

P0170 

110—170 

0,2 

2,6 

1030—650 

68 

0,1—0,06 


HHKO-3KOHOMHqecKHx HOKasaxejieö SHeprexHqecKoro oöopyAOBaHna 
H cxanuHH. Oahhko b Ka>KAOM KOHKpexHOM cJiyqae 3xo hcoöxoahmo 
oöocHosaxb noApoÕHbiMH sKonoMHqecKHMH pacqexaMH. 


§ 62. CpasHeHHe sHaroHajibHbix, oceBbix noBopoTHOJionacTHbix 
H paflHajibHO-oceBbix rnApoTypÖHH 

npe>KÄe qeM nepeflxH k conocxaBJieHHio sHeprexHqecKHX h KaBHxa- 
UHOHHbix xapaKxepHCTHK pasjiHqHbix xypÖHH, cneAyex paccMOxpexb 
OTJiHqHxejibHbie ocoöchhocxh hx npoxoqnbix qacxeH na npHMepe AHaro- 
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HajibHOH (pHC. 123, 6) H oceBOH (pHc. 123, e) noBopoTHo^onacTHbix rHÄpo- 
TypÖHH c paÄnajibHbiM nanpaBjiBiomHM annapaTOM, KOTOpbie cnpoen- 
THpOBaHblÄJIH yCJIOBHH OäHOH H TOH JKC FSC = 55 m). BblCTpOXOÄ- 
HocTbTypÕHH npHHHTa OÄHHaKOBOH (Ms = 350); yroji HaKJioHa jionacTeö 
6 ÄHaroHajibHOH xypÖHHbi paBen 60°; njiomaÄt noroKa Ha BbixoÄe h 3 
pa^ oqer o KG,?i^ea^ Taxa^^Ke^^^ax h y ^cbof o Kojiee a. ÜH are- 

HajibHan noBopOTHOJionacTHaa rHÄporypÖHHa o6jia;i,aeT xaKHMH oco- 
ÖeHHOCTHMH: 

1. BjiaroÄapH HaKJiOHHOMy pacnojiojKeHHK) JionacreH npoToqHaa 
qacTb ÄHaroHajibHOH xypÖHHbi (pHc. 124, d) Menee HCKpHBjiena; no- 
3TOMy npH ÄBHJKeHHH HOTOKa H3 HanpaBJiHioiuero annapaxa b orcacbi- 
Baiomyio Tpyöy rHÄpaBjinqecKHe noTepH MeHbiue. BxyjiKa paöoqero 
12 ^ KOJieca y ÄHaroHajibHOH xypÖHHbi Kopo 

r[-[ ~ 'V npHBOÄHT K yMeHbllieHHK) HOTepb 

_TpeHHH. 

BejiHHHHa Dzi y Äwaro- 
/ ■ rliM~ ' HajibHOH xypÖHHbi MeHbuie, qcM y oce- 

/ J \\\^— w"/ boh npH oähoh h toh me BbixOÄHofi njio- 

/1 \\ /lil maÄH paöoqHX KOJiec, sHaqeHHe D 2 cp y 

/ / jŠ il \ ÄHaroHajibHOH MeHbuie, qeM y oceBOH 

lii W 111 m xypÖHHbi (pHc. 124, ö). Cjie^OBaxejibHO, 

OKpyxiHaH H oxHOCHxejibHan CKopocxH 
„ , „ noxoKa Ha cpeÄHeö noBepxHocxH xoKa y 

Phc. 124. Mep^oH^bHbiH noxoK ;^Ha^OHaJIbHo^o paöoqero KOJieca Menb- 

a - i - oceBofi. B pCSyJIbXaxe qeXO 0X0 KaBHXaUHOH- 

Hbie KaqecxBa Moryx 6bixb Bbime. 

3. npH oähoh h xoh jKe nJiomajtH noxoKa na BbixoÄO h3 cpaBHUBae- 
Mbix paöoqHX KO./iec ^JIoma;^b Ha Bxo;],e b ;i,HaroHajibHoe paöoqee ko- 
Jieco npHMepHo na 30% öojibme (npw 0 = 60°), hcm y oceBoro pa- 
öoqero KOJieca. yBejinqeHHe bxootoh nJiomaAH npHBOAHx k yMeHbme- 
HHio cKopocxeö noxoKa na BXOAe b paõoqee Kojieco h, Kax cjieÄCXBne, 
K yjiyqmeHHK) SHeproKaBHxauHOHHbix xapaKxepHcxHK. HjiomaÄb npo- 
xoAHoro ceqeHHH paöoqero KOJieca saBHCHx ox yxjia HaKJiona jionacxeö 
6 H cpeAHcro AwaMexpa BxyjiKH paöoqero KOJieca: 


W-, Jt 1 /0/'C\ 

^AB = - r — -H' • (obo) 

£)2 4 sm e ' ' 

y OCCBOH xypÖHHH 0 = 90° H BeJIHqHHa FaB MHHHMaJIbHa. 

XaK KaK Ha cpCAHeö noBepxHOcxH xoxa AHaroHajibHoro paöoqero 
KOJieca OKpyjKHan cKopocxb õojibuie, a aöcojiioxHaH na BXOAe b AHaro- 
HajibHoe paöoqee Menbuie, hcm y occboh xypÖHHbi, xo oxHocHxejibHan 
CKopocxb noxoKa b paöoqeM KOJiece Majio HSMeHnexcH no nanpaBJieHHio. 
BcjieAcxBHe sxoro, y AHaroHajibHoro paöoqero KOJieca yxjibi h p 2 
npHMepHO OAHHaKOBbi, B xo BpeMH KaK y oceBoro Pi > ^ 2 - B pesyjibxaxe 
npH noBopoxe jionacxeft b npouecce peryAHpoBaHHH yxjibi pj h Pa H3Me- 
HHioxcfl Ha OAHy H xy me BejinqHHy. OpH yMeHbineHHH pacxoAa qepes 
xypÖHHy yxAbi p^ h pa yMCHbiiiaioxcH, qxo oöecneqHBaex öojiee BbicoKHe 


(365) 
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3 HaqeHHH KFIÜ npH mbjihx HaxpysKax no cpaBHCHHio c oceBöH xypÖH- 
HOH. 

HeanaqHxeAbHoe oxjiHqne yxAOB p^ h Pa yAyqmaex KaBHxauHOHHbie 
xapaKxepHCXHKH AHaroHajibHofi xypÖHHbi, xan KaK aona MaKCHMajifa- 
Horo paspexceHHH na Jionacxax CMemaexca k BbixoAy h 3 paöoqero 



jcojieca,_ 

5. B oceBbix noBOpoxHOAonacxHbix xypÖHHax jiJisi yjiyqmeHHH KFIjll, 
H yMeHbineHHH mejieBoft KaBHxauHH sasopbi MexcAy nepoM AonacxH, 
KaMepoH H BxyjiKOH npH pasJiHHHHX yxAax ycxanoBKH jionacxeft pa6o- 
qero KOJieca AOJixiHbi öbixb MHHHMajibHUMH, qxo bosmojkho, ecAH Ka- 
Mepa H BxyjiKa HMeiox ciJiepHqecKyio (Jx)pMy. OAsaKo npH sxom boshh- 
Kaex sHaqHxeAbHoe HCKpHBACHHe JiHHHft xoKa b oceBOM paooqeM KOAece 
B 30He HH3Koro AaBJicHHH (pHC. 124, ö), qxo yxyAuiaex KaBHxauHOHHbift 
K034xpHnHeHx xypÖHHbi- BxyjiKa AHaronaAbHoro paöoqero KOAeca HMeex 
õoAbiuHH paAHyc cipepbi, b peayAbxaxe qero HCKpHBAeHHe noxoKa 
MeHbine. KpOMe xoro, cipepHqecKan noBepxHocxb BxyAKH pacnoAOJKena 
Bbime no noxoKy b sõne Aocxaxoqno öoAbmHx AasAeHKH, qxo yMenbmaex 
onacHocxb B03HHKHOBeHHH KaBHxauHH y BxyAKH paöoqero KOAeca. 

6. Oo Mepe yBejinqeHHH nanopa pacxex qHCJio Aonacxeö h yMCHb- 
maexcH öbicxpoxoAHocxb xypÖHHbi. Opn yneAHqeHHH AnaMexpa BxyAKH 
pasMep AonacxH b paAHaAbHOM HanpaBACHHH yMenbmaexcH (pHc. 123). 
B AHaroHaAbHOM paöoqeM KOAece axo AOcxHxaexcH npome no cpaBHeHHio 



c oceBbiM paÕoqHM koaocom; npH axoM cpeAHHC CKOpocxH noxoKa b hom 
He yBeAHqHBaioxcfl, xaK KaK BCAHqHHa R^cp ocxaexcn AOcxaxoqno 
ÖOAbmOH. 

7 . npH yBeAHqeHHH qacxoxbi BpameHHH AHaroHaAbHoro paÖoqero ko- 
Aeca H BbixoAe arperaxa b paaroH cocxaBAHiomaH ueHxpoöejKHbix cha. 


AeftcxByiomHx Ha noxoK, nanpaBAena npoxHBxeqenHH, BpeayAbxaxepac- 
^^xoA H pasroHHan qacxoxa BpameHHH AHaroHaAbHoft xypÖHHbi MCHbme, 
qeM occBoft. Menbman pasroHHan qaci'oxa BpameHHH AHaroHaAbHofi 
xypÖHHbi no3BOAHex npHMeHHXb öoAee AexKHft h AemeBbift renepaxop. 

8 . ynAOXHeHHe AHaroHaAbHoro paöoqero KOAeca pasMemaexcH na 
öoAbmcM AHaMexpe no cpaBHeHHio c oceBbiM paöoqHM koaccom, qxo cy- 
mecTBeHHO cHH>Kaex AaBAenne hba BxyjiKofi paöoqero KOAeca h bcah- 


qnny XHApaBAHqecKoro occbofo ycHAHH. CjieAOBaxeAbHO, b CAyqae 


npHMeneHHH AnaroHaAbHoft xypÖHHbi pasMepbi noAnnxHHKa arperaxa 


H noxepH SHeprHH b hcm yMCHbmaioxcH. 

OepeqHCAeHHbie ocoöeHHocxH oõecneqHBaiox yAyqmeHHe sneprexH- 
qecKHx H KaBHxauHOHHbix xapaKxepHCXHK AHaronaAbHbix xypÖHH no 


CpaBHCHHK) C OCeBbIMH BblCOKOHanopHblMH. 

KaK noKasaAH pesyAbxaxbi MOAeAbHbix HccAeAOBaHHft, npoBeASH- 
Hbix B CCCP [10] H sa py 6 e>KOM, KFIjl. AnaroHaAbHofi xypÖHHbi npH- 
MepHO Ha 1,5 -f- 2,5% Bbime, qeM ocenoft. CpaBHeHHe xapaKxepHCXHK 
AnaroHaAbHbix, oceBbix h paAHaAbHO-oceBbix ruApoxypÖHH na oah- 
HaKOBbie Hanopbi npeAcxaBACHO na pnc. 125 h 126. 

npH oxpaöoxaHHoft AonacxHoft cncxeMe onxHMaAbHbifi xHApaBAH- 
qecKHÖ KUJX paAnaAbHO-oceBoft xypÖHHbi öoAbme. OAnaKO AHCKOBbie 
noxepH paAnaAbHo-oceBOH rHApoxypÖHHbi cocxaBAHiox sHaqHxeAbnyio 
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B to BpeMH KBK y AHarOHaJIbKOH xypÕHHH OHH paBKbl HyJIIO. 
KaBHxauHOHHbie KaqecxBa paÄHajibHO-oceBbix õbicxpoxoÄHbix xypÖHH 
Bbiine, nocKOJibKy qncjio jionacxefi h luioma^t» noxoKa na bhxoäc h 3 pa- 
6 oqero KOJieca 6 ojibiiie, qcM y ÄHaroHajibHofi xypÖHHbi. Bwcoxbi oxcacbi- 


BaiomHx xpy6 cpaBHHBacMbix xypÖHH pasHbie! y jiHaroHajibHbix rnÄpO" 

-^^, 3 ) Dl, y^jaÄHaJiBHO-oceBHX © 6 ^ 3 GMy 

HeCMOXpB Ha MBHblUyiO BblCOXy OXCaCbIBaHHH JlHarOHaJIbHOH xypoHHbi, 
ee sarjiyÖJieHHe ne HaMHoro öojibine, qeM paztHaJibKO-oceBOH xypÕHHbi. 



Phc. 125. SHeprexHqecKHe xapaKxepH- 

CTHKH THÄpOTypÖHH IlJI; ZinJI H P-0 
% = f (Qi), nocrpoeHHHenpn n{ = const. 


Phc. 126 . KaBHTauHOHHMe xapaKTep«- 
CTHKH PKÄpOTypÖHH OJl H P -0 

a = / (Q{ ), nocxpoeHHfcje npn n{ =const. 


B saKJiioqeHHe cJiCÄyer oxMexHXb, qxo uejiecooõpasHOCxb npHMeHeHHH 
ÄHaroHajibHHX noBOpoxHOJionacxHbix xypÖHH neoöxoÄHMo ooocHOBaxb 
B KaJKÄOM KOHKpeXHOM CJiyqae B COnOCXaBJieHHH G xeXHHKO-SKOHOMH- 

qecKHMH HDKasaxejiHMH oceBofi hjih paÄHajibHo-oceBoft XHÄpoxyp hh 
fljifl ycjioBHH npoeKxnpyeMOH 130 . 


§ 63 . OcHOBHbie reoMexpH^ecKHe h rHApaBJinqecKHe napaMexpBi 
ji; iT^r owa jrT. ir bix FHÄpoTypÖHH J^IIJIGO; ^IIJI45 h 

Ms anaJiHsa jxaHHbix sKcnepHMeHxajibHbix HCCJieÄOBaHHH cjieÄyer, 
qxo d)opMa npoxoqHOH qacxH ÄHaroHajibHoö rHzipoxypÖHHbi cymecx- 
BeHHO BJiHflex Ha ee ÖbicxpoxoÄHOcxb, sHeprexHqecKHe h KaBHxauHOH- 
Hwe xapaKxepHCXHKH. B saBHCHMOcxH ox ÄHanasoHa Ham^oB Änar^ 
HajibHbie xypÖHHH noÄpasÄeJiHKrr na ^^^^KOHanoi^bie — ÄM , ^ 

= fiO ° ('/7 = 25 -r- 60 m), cpeÄHenanopHbie — X;llJ14o, ü — 4 o {n 
= 60 -f- 120 jw); BbicoKOHanopHbie — J 3 ,nJ 130 , 0 = 30 ° (//= 120 -b- 200 /t). 

riepBbie ÄHaroHajibHbie rHÄpoxypönHbi hmgjih KOHnqecKHH HanpaB- 
jiHiomHH annapax h pasBepnyxyio hoä yrJioM cnnpajibHyro KaMepy 
(HanpHMep, ByxTapMHHCKaq onbixHasi ÄHaroHajibHaa xypõHHa). KaK no- 
KasajiH nocjieÄyiomHe HCcneÄOBaHHH, npHMeneHHe un.THHÄpHqecKoro 
HanpaBJiHiomero annapaxa ne BbiSHBaex yxyjimeHHH sHeproKaBHxa- 
UHOHHbix xapaKxepHCxiiK. B HacxoHiii.ee BpeMH AHaroHajibHbie xyp 
ÖHHbl HSrOXOBJIHIOX C paÄHaJIbHbIM (u,HJIHHÄpHqGCKHM) HanpaBJIHFOUlHM 
annapaxoM, xaK KaK oh xexHOJiornqecKH npome KOHnqecKoro Ha- 

npaBJiHHDiiiero annapaxa. ^ „ 

XapaKxepHbiMH napaMexpaMH npoxoqnon qacxH ÄHaronajibHOH xyp 
ÖHHbi hbjihioxch: yroji O HaKJiona Jionacxefl paöoqero KOJieca no oxho- 
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meHHK) K ocH xypõHHbi; Bxyjioqnoe oxHomeHHe d^JDi, oxHOCHxejibHan 
Bbicoxa HanpaBJiHiomero annapaxa bJDi, oxHOCHxejibHbiK cpeuHHH 
ÄHaMexp Dcp pacnojiojKeHHH bxoähoh kpomkh h mnpHHa jionacxn; ÄHa- 
Mexp ropJioBHHbi H pa^Hyc ee saKpyrjieHHH. 



Phc. 127 . npoxo^iHaH «lacxb xypÖHHu 
i].nJI 60. 



Phc. 128. CpaBHCHHe no.xocxefl 
rH;ipoxyp6HH: 

1 — ÄnJieO; 2 — ÄnJ145; 3 — 

ÄnJiso. 


B pesyjibxaxe MHoroJiexHHx HCCJieÄOBaHHÖ ^HaroHajibHbix xypönn 
B Mockobckom sHeprexHqecKOM HHcxHxyxe h bo EHMMlPHApoMaui pas- 
paöoxaHbi peKOMeH^auHH no Bwöopy oqepxaHHH npoxoqHOH qacxH xyp- 
ÖHH äJih pasJiHqHbix nanopoB. Ha pnc. 127 hso- 17 

öpaJKena npoxoqnan qacxb ÄHaronajibHOH xypÖHHbi 
Ha Hanop H = GO m. OpH nepexofle k cepHHM pa 6 o- y. 
qHX KOJiec JinJ 145 h XI.nJ 130 npoxoqnan qacxb HSMe- 
HHeXCH (pHC. 128 ). OpH 3 X 0 M OÄHOBpeMeHHO yMeHb- ti 

uiaexcH oxHOCHxejibHan uinpHHa Bi jionacxn [ 10 ; 

28 ]. Memjxy BejiHqnHaMH d^r h Bi cymecxByex sa- ^'TTTTT' 
BHCHMOCXb (pHC. 129 ): 

d„ = D- 2 B,sme^ I 1 . ^^ : 

d — d^J D — 1 Wi sin . j j^g. csasb 

OxHOCHxejibHan uiHpHHa jionacxH wextÄy BxyjioqHUM 

TJ ITTirni/l- 


( 366 ) 


rTTTTT' 

Vm 

^ Jcp 

■P 


l—d 


( 367 ) 


Phc. 129 . Csasb 

MCHtÄy BXyjIOHHblM 

oxHomeHHeM h mnpH- 

HOH JlOnaCTH. 


yM€HbiiieHne sHaqeHHH 0 h yBGJiHqeHHe d c pocxoM nanopa npiiBo- 
ÄHX K COKpameHHK) OXHOCHXeJIbHOÖ UIHpHHbl JlOnaCXH H CHHJKeHHK) 

õbJCxpoxoÄHOcxH xypÖHHbi (cm. xa6ji. 31 ). 

ripH yBCJiHqeHHH ^naMexpa ropjiOBHHbi paöoqero KOJieca KaBHxa- 
UHOHHbie xapaKxepHcxHKH ;iHaroHajibHOH xypÖHHbi yjiyquiaioxcH. TaK, 
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HanpHMcp paöoqero KOJieca /J,60 MSMeneHHe Drop ot 0,85 Di jxo 
0,9Di npHBejio k pocxy MaKCHMajibHoro KHH, Ha 1,5% h yivienbuieHHio 
KaBHTauHOHHoro K034)4)HUHeHTa Ha 0,08 (npH Qi = 1000 a/c). Ha Ka- 
BHTauHOHHbie noKasaxejiH ÄHaroHajibHoö xypÖHHW bjihhcx xakHce oqep- 
xaHHe ropjiOBHHbi. Bo HsöejKaHHC oxpbma noxoKa paÄHyc saKpyxJieHHH 
rOpJlOBHHbl ÄOJUKCH ÖblXb HC MBHee Ö,2Di. YcxaHOBKa UHJIHHÄpHqe- 
CKoro naxpyÖKa äJihhoh 0,18Di nepea bxoäom b oxcacbmaiomyio xpyöy 




4Ö0 600 800 ^00 1200 Qu/l/c 

Ö 


Phc. 130. aaaopa na xapaKxepHCTHKH xypÖHHH ixnjl: 

a — SHepreTHHecKHe; 6 — KaBHTauHOHHbie; 

/ — n( =110 o6/muh: 2 — «/ = 90 o6/muh: 3 — «/ = 70 oõImuh. 


npHBOÄHX K ÄaJibHefimeMy yjiyquieHHio KaBHxauHOHHbix noKasaxejieö 
(anajiorHqHbie peayjibxaxH nojiyneHbi npH HCCJieÄOBaHHH BbicoKona- 
nopKHX paAHajibHo-oceBbix h occBbix rHÄpoxypÖHH). 

CymecxBeHHoe BJiHHHHe na sneprexHqecKHe h KaBHxauHOHHbie xa- 
paKxepHCXHKH ÄHaroHajibHbix xypÖHH OKasbmaex sasop MCÄ^y Jiona- 
cxHMH H KaMepOH paöoqcro KOJieca. yBCJiHqeHHC sasopa Be^ex k pea- 
KOMy naAeHHK) aneproKaBHxauHOHHbix noKaaaxejiefl xypÖHHbi, qxo oöb- 
acHflexca yxyÄHjeHHCM oöxeKaHHH nepHiJiepHHHbix sjieMenxoB jionacxefi- 
(pHc. 130, a, 6). OpH SKCHJiyaxauHH ÄHaronajibHbix xypÖHH neoöxo- 
ÄHMO oöpamaxb ocoöoe BHHManHe na BCJiHqHHy xopueBoro aasopa. Ho 
HMeioiHHMca peKOMeHÄauHHM [10] ero BCJiHqHHa ÄOji>KHa öbixb nopa^Ka 
0,05 . 10-3 JJ 

OcHOBHbie napaMexpbi AwaroHajibHbix rHApoxypÖHH npeÄCxaBJieHbi 
B xaöji. 31. Ohh Moryx öbixb HcnojibaoBaHbi npH npoeKXHpoBaHHH na- 
xypHbix XHÄpoxypÖHH H pacqexe hobhx xhhob paöoqHX KOJiec. 

§ 64. 6bi6op pac^ieTHbix napaMexpoB paöo^nx KOJiec 

npH npoeKXHpoBaHHH paöoqero KOJieca neoöxoÄHMo oöocHOBaHHo 
aa^arb HcxoÄHbie pacqexHbie napaMexpbi h Bbiöpaxb cooxBexcxByKDmHH 
MexoÄ pacqexa jionacxHofi CHCxeMbi. PacqexHbie napaMexpbi npnHHMaiox 
Ha ocHOBaHHH onbiXHbix ^aHHbix JiyquTHX ;i,HaroHajibHbix paöoqnx ko- 
Jiec (xaöji. 31). Heoöxo^HMO aaÄaxbca: ananeHHaMH npHBCÄeHUbix BejiH- 
qHH QI H n\ Ha onxHMajibHOM pea^HMe; oqepxaHHeM npoxoqnoö qacxH; 
{JxDpMOH MepuÄHOHajibHoro noxoKa; pacnpeÄeJienneM MOMenxa CKopocxH 
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Ha BXOÄe H BbixoÄe h 3 paöoqero KOJieca; rycxoxofi pemexoK npo(])HJieH 
y BxyjiKH H Ha nepH4)epHH paöoqero KOJieca b aaBHCHMocxH ox npHBe- 
AeHHbix oöopoxoB H KaBHxauHOHHoro K09(J)4)HHHeHxa xypÖHHbi; BejiHqH- 
hoh MaKCHMajibHOH xojiuiHHbi JionacxH H ee pacnpeÄejieHHeM bäojib 
npO(J)HJIH. 

OpH npoeKXHpoBaHHH paöoqero KOJieca [10] npHBeÄ^HHbie pacqex- 
Hwe pacxoÄbi h oöopoxbi (c yqexoM noxepb aHeprHH) onpCÄejiaioT no 

BbipaHteHHHM: 

tn'\ 

V"i;onT /nno\ 

Tl\ = ■ , y— » (368) 


(QiIoht. 


Vn 


rir = 0,9 0,92 — rnapaBJiHqecKHH KHil xypÖHKbi. 

SnaqeHHH onxHMaJibHbix ^npHBeÄeHHHX BejiHqHH pacxo^a h oöopo- 
TOB jyiH paaJiHqHbix xhhob paöoqnx KOJiec npaBe^cHH b xaöJi. 31. 
FeoMexpHqecKHe cooxHomeHHH npoxoqnoft qacxH xypÖHHH (oxhoch- 

_ _—_ . A w V r ^ T — 


öoqero KOJieca h nepexoÄHoro yqacxKa ox paöoqero KOJieca k orcacbiBa- 
lomeö xpyöe) BHÖHpaiox, pyKOBOÄCXByacb KOH^mrypauHeH npoxoqHoro 
xpaKxa paapaöoxaHHHx paöoqnx KOJiec. Ocoöchho öojibinoe bjihhhhb 
H a snepreTHqecKHe h KaBHxannoHHHe xapaKxepHCXHKH ÄHaroHaJibHbix 
xypÖHH oKaabiBaex ^HaMexp ropjioBHHbi KaMepbi paöoqero KOJieca. Co- 
rJiacHo onbixHbiM ÄaHHbiM jiyquiHX paöoqnx KOJiec BejiHHHHa oxhoch- 
xeabHoro AHaMexpa Drop/F>i ropjioBHHH panna: cepnn paöoqnx 

KOJiec AGO — 0,995; AJia cepHH paöoqnx KOJiec Z(45 — 0,995; äJih ce- 
pHH paöoqnx KOJiec Zl,30 — 0,9. OopMa nepexoÄHoro yqacxKa ox rop¬ 
jioBHHbi K oxcacbiBaiomeH xpyöe, cymecxBeHHO BJiHnioman na xapaK- 
xepHcxHKH xypÖHHbi, xaKHce BbiÖHpaexcH na ocHOBannH sKcnepHMen- 
xajibHbix ÄaHHbix. 

MepHÄHOHaJIbHbIH HOXOK B HOJIOCXH XypÖHHbl npHHHMaiOT HOXeH- 
UHaJIbHblM HJIH paBHOCKOpOCXHblM. Ha BblXOAe H3 HHJIHHÄpHqeCKOrO 
HanpaBJiHiomero annapaxa nepaBHOMepHOCXb noxoKa na bxoäc b paöo- 
qee KOJieco Ha onxnMajibHOM pejKHMe npuMepno xapaKxepnsyexcn pac- 


npeAeJienneM cKopocxeö b noxenuHajibHOM MepnjiHOHajibHOM noxone. 

PacnpeÄeJieiine MOMeHxa cKopocxH na BbixoÄe n na Bxojie b paöoqee 
KOJieco saBHCHx ox BbiöpaHHoro pacqexHoro pe^HMa (QI; n|), oxKpbi- 
XHH HanpaBJiHiomero annapaxa h oqepxaHHH noJiocxH paöoqero KOJieca. 
Hpn saaaHHH ycjiOBiiH na bxoäo h BbixoÄe h 3 paöoqero KOJieca mojkho 
B ocnoabsoBaxbCH anajiornqHbiMH peKOMeHÄaunaMH äjih oceBbix paöo- 
qnx KOJiec (§ 56). Bbiöop onxHMajibHoro pacnpeÄCJieHHH MOMenxa cko- 
POCXH BaoJib BbixoÄHOH H bxoähoh KpoMOK saBHCHX OX Hanopa, Ha 
KoxopbiH npoeKXHpyexcH paöoqee KOJieco. TaK, äjih cepim paöoqnx 
KOJiec JX 60 MOiKHo peKOMeH.aoBaxb snaqeHHe MOMeHxa cKOpocxH na bm- 
xoäc h 3 paöoqero KOJieca: y BxyjiKH — 0,17Tirg///ti); Ha nepu^iepiiii 
+0,036T]rg///cö. JIjih paöoqnx KOJiec JX 30 Jiyqimie xapaKxepHcxHKH 
(h 3 HCCJieAOBaHHbix B Hacxonmee speMn) nMeiox xe, Koxopbie öbUiH pac- 
cqnxaHbi npn cjie^yiomHX cooxHomeHHHX uHpKyjinnnH n pacxofla Ha 
BbixoAe H3 paöoqero KOJieca: y BxyjiKH = 0; Ha nepH4)epHH 

YJDi/Q = 1,32. npH npHHHxux sHaqeHHnx [pur)z momcht cKopocxn 


9 7.-204 


257 













TaõAut^a 31. OcHOBHwe napaMetpu AHaronajibHbix rHÄpoTypöHH 



(üur)i Ha BxoÄe b paöoqee KOJieco bhhhcjihiot npH noMomn ypaBHCHHH 
J7. šftjiepa. 

FycTora pemeroK JionacTHofi CHCxeMbi h qHCJio jionacxeö paöoqero 
KOJieca HaxoÄHxcH b cjie^yiomHX npeflejiax: äJih J160 (// = 40 -f- 60 m) 

("rjnep^ ^ = 

= 80-1-120 M) = 1,5 -V- 1.6; (y)^ = 1,7 -j- 1.9; z = 9-^ 10; 

ÄJiH RSO {H = 150 -f- 200 M) = 1.6 1,7; (y)^^ = 1,8 -f-1,9; 


z = 10 -r-12. HaMeneHHe rycxoxbi pemexoK Mexi^y kophcblim h nepH4)e- 

•r^v -T«« Oi^TTÖTTTxrjliÄ^Tx TT/-\T*FQr''»'T^ r^^T_TUt:r/^ rrt^TJlUT/rikjrOt/^^r» ¥Tr^ TTTJTJplfiu/^A^X^ 

^üinnJDIlVL Ccicran>livil'l •/lUllClx-^lXl V^WXJlHxiU llpmilliviciiv/l J-iU tfiriiiCxxxxwivijr ^Clxx\Jxi. J • 

MaKCHMajibHBH xojiiuHHa nepa JionacxH b kophcbom ceneHHH h xa- 
paKxep pacnpCÄejieHHH xoJimnH npo4)HJiefi onpeÄejunoxcfl npoqnocxHbiMH 
pacnexaMH c yqexoM Maxepnajia jionacxH. Ha ocHOBaHHH onbixHbix jxm- 
Hbix [10] noJiyqcHbi xaKne peKOMeHAauHH: patane KOAeca cepHH /I.60 — 
AJiH moagjih Dl = 350 mm , MaKCHMajibHan xojiiii.HHa y BxyjiKH Smax = 
= 13-^15 MM, Ha nepHiJjepHH S^ax = 3,5-f- 4 mm; paöoqHC KOJieca 
cepHH ZI.45 — äJih £>1 = 350 mm y BxyjiKH 8max = 16-j-18 mm, na 
nepH4)epHH S^ax = 2,5-v-4,5 mm; paöoqHe KOJieca ZI.30 — ÄJi^Di = 
= 300 MM y BXyJIKH Smax=14-f-19 mm. Ha nepH4)epHH Sniax = 
= 2,5 -f- 3,5 MM. 

SaKOH HSMeHeHHH MaKCHMajIbHOH XOJIIHHHbl HCpa AOnaCXH OX BXyjIKH 
K nepH4)epHH mojkho npHHHXb jiHHeftHWM, a pacnpeAejieHHe xoJiniHHbi 
no ceqcHHHM jionacxH npHHHMaiox coxjiacHo npo4)HAK) BHrM-20 hjih 
Ä pyroMy, oÖJiaAaiomeMy bucokhmk aneproKaBHxaHHOHHbiMH xapaK- 
XepHCXHKaMH. 


§ 65. MeTOffBi pac^exa jionacxHOH chctcmm. 

HpnMep pacqrexa paÖo^ero KOJieca ^60 

PaspaöoxKa paöoqero KOJieca xpeöyewoö öbicxpoxoAHOcxH, oöjia- 
AaiOHiero bhcokhmm sHeprexHqecKHMH h KaBHxauHOHHbiMH KaqecxBaMH, 
B sHaqHxejibHOH Mepe aaBHCHx oxxoro, nacKOJibKO npHHHXbie pacqexHbie 
napaMexpbi, rpaHHqnbie ycJiOBHH Ha bxoag h BbixoAe h3 paöoqero KOJieca 
H MeXOAnpO([)HJIHpOBaHH5I OÖOCHOBaHW SKCnepHMeHXaJIbHbIMH AaHHbIMH. 

yqHXbiBaa HaKonjieHHbiH onbix npoeKXHpoBaHHH h aKcnepHMenxajib- 
Hbix HccjieAOBaHHH [10], MOJKHO peKOMeHAOBaxb cjieAyiomHe MexoAbi 
pacqexa jionacxHbix chcxcm AnaroHajibHbix paöoqnx KOJiec: 

1. npo4)HJiHpoBaHHe JionacxH npH noMOLU,H OAHOMepHbix MexoAOB 

B paBHOCKOpOCXHOM HJIH nOXeHUHajIbHOM MepHAHOHÜJIbHOM nOXOKBX 

c yqexoM bjihhhhh KoneqHoro qncjia jionacxeö. OpoiJiHJiH Ha pacqexHbix 
noBcpxHocxHx xoKa cxpoHx npH noMomH KOHiJxDpMHoro oxoöpan^eHHH 
Ha HHJiHHAp hjih Ha KOHHqecKHx pasBepxKax (cm. § 50). 

2. Opo^HJiHpoBaHHe JionacxH b noxeHunajibHOM MepHÄHonajibHOM 
noxoKC npH homohih McxoAa BayspciJiejibAa (cm. § 51). 

3. Pacqex pemexoK öecKOHeqno xohkhx npo^iHJieö BHXpeBbiM 
MCXOAOM B CJIOe nepeMCHHOH XOJIUJ.HHbI [51. 
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4. PacqeT pemeroK npo4)HJieH KOHeqnoH xoJimHHLi mctoaom ocoöen- 
Hocrefi B cjioe nepeMCHHOH xojimKHfai [5; 7]. 

npH npoeKXHpOBaHHH ÄHaronajibHbix paöoqnx KOJiec uiHpOKO npH- 
MeKHKxrcH OÄHOMepHbie MexoÄbi npo4)HJiHpoBaHHH. OocjieÄOBaxejibHOCXb 

npo 4 )HJiHpoBaHH 5 i jionacxH xa 3 Ke, qxo h npn pacqexe paõoqero KOJieca 
paAHajibHo-oceBoro XHna (cm. § 50 ). Ochobhhmh MOMCHxaMH hbjihioxcsi 
aaÄaHHC «jKspMH MepHÄHOHajibHoro noxoKa h pacnpCÄejieHHB i].HpKyji 5 i- 
UHH Ha BXOÄC H BbixoÄC H 3 paöoqcxo KOJieca. KaK noKaaaji onbrr npo- 
CKXHpOBaHHH HCKOXOpHX paÖOqHX KOJiec H HCCJieÄOBaHHfl nOJIH CKOpO- 
cxefi B ÄHaroHajibHbix xypÖHHax, HcnojibsoBaHHe noxenuHajibHoro Me- 
pHÄHOHajibHoro noxoKa npe^noqxHxejibHee: jionacxb paõoqero KOjieca 
nojiyqaexcH Menee nepeKpyqeHHofi, a sneprexHqecKHe h KaBHxaiiHOH- 
Hbie KaqecxBa xypÖHHbi BHme. TaK KaK b noxeHUHajibHOM MepHÄHonajib- 
HOM noxoKe cKopocxb Vmt Ha BbixoÄe H 3 paõoqero KOJieca yaejiHqH- 
BaexcH ox BxyjiKH k KaMepe, a b paBHOCKopocxHOM ona nocxoaHHa, xo 
cyMMapnan BejinqHHa HHpKyjiHUHH 

n 

= (369) 

1=1 

nojiyqaexcH õojibinefi äjih noxenuHajibHoro noxoKa, qeM äJih paBHo- 
CKOpOCXHOrO npH OJI,HHaKOBOM ÄJIH OÕOHX nOXOKOB saKOHe HSMeneHHH 

FsDi/Q = / (/s). B BHpaJKCHHH (369) npHHHXbi cjiejiyiomHe oõosHaqe- 
hhh: /a — A-UHHa yqacxKa HopMajiH Ha BbixoAe h 3 paõoqero KOJieca; 
T/cp — paÄHyc cepe^HHU t-ro yqacxKa; Ta — HHpKyjiHUHH b hoxokc 
sa paõoqHM KOJiecoM; Di — ÄHaMexp paõoqero KOJieca; Q — pacxojl 
qepes xypÕHHy. 

TaK KaK BblXOÄHaH HHpKyJIHUHH Ta npH HOXeHHHaJIbHOM MepHJIHO- 
HajibHOM noxoKe õojibme, pacnpCÄeJieHHe OKpyÄHoö cocxaBjiHiomeö 
Vut Ha BbixoÄC h 3 paõoqero KOJieca nojiyqaexcH ÄpyrHM, a HMenHo, Vu^ 
y BxyjiKH MeHbine, a na nepH^iepHH õojibuie. OxjinqHe cocxaBjiHioiHHX 
üm H Ha pacqexHbix noBepxHocxHX xoKa na Bxo^e h BbixoÄe h 3 paõo¬ 
qero KOJieca npH paajiHqHbix MepHÄHonajibHbix noxoKax npHBOÄHx k pa3- 
HbiM 3HaqeHHHM BxojiHbix H BbixoflHbix Pa yrJiOB jionacxefi. riepeKpyxKa 
BXOAHOH H BblXOAHOH KpOMOK JlOIiaCXH, HOCXpOeHHOH B nOXCHHHaJIbHOM 
MepHjiHOHajibHOM noxoKe, nojiyqaexca MeHbine, qeM b paBHOcKopocx- 
HOM. 

rio H3BecTHbiM 3HaqeHHflM cKOpocTefi Ha Bxo^e H Bbixoüe H3 paõo¬ 
qero KOJieca onpejieJiHioT BejiHquHhi yrjioB Pi h Pa h cxpoax npo{|)HJiH 
Ha pasJiHHHbix noBepxHocxHX xoKa (cm. npuMep pacqexa). ZI,jih nojiyqe- 
HHH npHCMJieMbix 3HaqeHHH yrjiOB p^ ii Pa mojkho MCHHXb He xoJibKo yc- 
jioBHH B noxoKC HB BXO.n.e H Bbixojie H3 paõoqero KOJieca, ho h oqepxa- 
HHe BXOäHOH H BBIXOäHOH KpOMOK JlOHaCXH. ripH BbiqHCJieHHH yrJIOB 
noTOKa Ha BHXOÄe h 3 paõoqero KOjieca jKCJiaxejibHO BBOjiHXb nonpaBKy 
Apa = rSO' -T- 3° Ha BJiHHHHe KOHeqnoro qncjia jionacxeft. 

X^ByMepHbie MexoÄbi npo4)HJiHpOBaHH5i HSJiOÄCHbi B § 51, pacqex 
peiuexoK jionacxefi mcxoäom ccoõeHHccxeö b cjioe nepeMeHHoft xoji- 
iii.HHbi CM. [5; 7]. 


npMMep pacHexa paSonero KOJieca /160 (pacqer BtinojineH aa XTFS 
HM. C. M. KapoBa noji PYkoboäctbom hhä. DaH^eHKO H. C.). HcxoÄHbie paciex- 
Hue napaMexpbi h nojiocxb xypÖHHbi BbiÖpaHbi b cooxBexcxBHH c peKOMeHÄauHHMH 
npoeKxa HOMeHKJiaxypu (xaÖJi. 31 ). 4 hcjio Jionacxefl npHHaxo z = 10 . Pac*ier Btanoji- 
HCH Ha onxHMa.;ibHbiH pcähm: Q{ = 1000 a/c; n{ = 108 oõ/muh; = 0,91 (npH 

Dl —\ M H H — \ m). B nojiocxH paõoqero KOJieca fl 60 rocipoen paBHOCKopo- 
CXHOH nOXOK (pHC. 131 ), KOXOpbIH HCHOJIbSOBaH npH npOCjiHJIHpOBaHHH JIOnaCTH. 



JÕIH npHHHTblX BXOÄHOH H BblXOÄHOH KpOMOK jionacxH Ha pacHexHbix noBepx- 
HOCXHX xoKa nocxpoeHbi xpeyrojibHHKH CKopocxefl h onpe^e^ieHH yrjibi Pj h Pa. 
npH onpeÄeJiCHHH BbixoÄHbix yrJiOB pa JionacxH Ha pacqexHbix noEcpxHocxHX xoxa 
npHHHT JiHHeHHbifi saKOH pacnpeÄejieHHH MOweHxa cKopocxH na Bbixojie hs paõoqero 

KOJieca: na nepH^epHH {vur)z =—, y BxyjiKH [Vur)z — — 0,1 — Vroji 

Ha BbixoAe H3 paõoqero KOJieca äJih KajKÄofi noBepxHOcxH xoKa BbiqHCJinexcH c yqe- 
xoM BjiHHHHH KOHeqHoxo HHCjia JiOHacxeH Ha OTKjioHeHHe noxoKa. HonpaBKa x = 

Ha KOHeqHoe qncJio jionacxeö onpeÄejiH/iacb no peKOMeHÄauHHM [ 10 ], r^e C — kos^)- 

JT 

4)HUHeHX C. C. PyÄHeBa, a x' = -^ sin pa sin 6 — nonpaBKa Maftsejia. Bce pacqexbi 


TaÕAUt^a 32 . OnpeACJieHHe BuxoAHbix yrJioB jionacxH 


riOBepXHOCTH 

TOKa 

ri, M 

m/q 

M*. 

Mic 

mJC 

MfC 


?‘S 

siu pj 

Sb—b 

0,455 

1,39 

5,14 

0,132 

5,01 

0,279 

15 ° 13 ' 

0,27 

—c 

0,407 

1,44 

4,59 

0,039 

4,55 

0,317 

17 ° 24 ' 

0,304 

Sd~d 

0,352 

1,48 

3,97 

0 

3,97 

0,373 

20 ° 27 ' 

0,357 


0.292 

1,48 

3,3 

— 0,06 

3,36 

0,44 

23 ° 45 ' 

0,414 


0,216 

1,44 

2,44 

— 0,366 

2,806 

0,513 

27 ° 09 ' 

0,455 
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ripodoAOKeHUz maõA. 3 'J 


nOBepXHOCTH 

TOKa 


, . . , Ui(l—Wj(l—Cx')— 
l m/c — m/c *^^2 


0,092 

0,107 

0,123 

0,141 

0,155 


1,086 

1,10 

1,116 

1,133 

1,15 


1.1 

1,118 

1,137 

1,16 

1.178 


6,128 

5,09 

4,52 

3,89 

3,236 


0,227 

0,283 

0,328 

0,381 

0,415 


12°42' 

15°42' 

18°09' 

20°50' 

24° 


2°46' 
1°42' 
2°I8' 
2° 18' 
3°09' 


nOBCpX- 

HOCTH 

TOKa 


—c 
Se _ e 


TaÕAUiia 33 . OnpeACJieHHe bxoähhx yrJioe JianacTH 

Pac^iexHbie bcjih^ihhh 


0,492 

0,451 

0.410 

0,361 

0,310 


m/c « 1 . m/c 


1,725 

1,82 

1,925 

2,09 

2,29 


tgp,= ^ - 
M/c ^ 


3.835 

3,28 

2.7-35 

1,99 

1,21 


0,38 

0,442 

0.526 

0,714 

1,12 


20°48' 

23°48' 

27°45' 

35°30' 

48°06' 


no onpcÄ^JiBHHK) yrjioB h P 2 noMem 6 Hbi b xaO/i. 32 h 33 . Oo BbmHCJieHHUM 
yrJiaM Pi h Pa na paaeepTKax KOHycoB nocxpoeHbi cxeäexH iipo 4 )HJiefi h saxeM 
npo^^HJiH KOHewofi xojuuhhu (xa 6 a. 34 ). VroJi oxBaxa npo(J)HjiB onpeÄeJiaexcH npuHa- 
xoH rycxoxofi peuiexKH (cm. § 64 ). Sna^ieHHsi rycxoxbi pemexoK, MaKCHMaJibHofi toji~ 
mnHbi npo4)HJi5i H fljiHH xopÄ npocJjHJiefi npHBeÄeHbi b xaöji. 35 . 


TaÕAUiia 34 . K nocxpoeHHio paaeepxoK 
KOHyCOB 


riOBepx- 

HOCTll 

TOKa 

iX* 

C 

lA 

c 

l! 

C3 1 

q: 1 

CD 

II ~ 

" 05 

ja 

0^ II 

U 

to 

(V X 
^ 2 

II ® 

11 Qy 

S t 

►V* 1 

b 

1,82 

1,68 

0,14 


1,57 

1,42 

0,15 


1,118 

0,96 

0,158 

e 

0,904 

0,735 

0,169 

^f~f 

0,608 

i 

0,425 

0,183 


TaÕAuiia 35 . napaMexpbi peuiexoK 
npo<})MjieH 


noBepx- 

HOCTb 

TOKS 


Q* 

1! 

•vj ;g 

• K ^ 

i- 5| 

II 1U 

Sb b 

1.4 

0,368 

0,54 10 


1,49 

0,335 

0,496 18 


1,61 

0.298 

0,458 26 


1,72 

0,255 

0.435 34 

^f-f 

1,8 

0,217 

0,356 40 


OpH nocxpocHHH npo^HJiefl KOHeqnofi xojiuiHHbi na pasBepxxax KonycoB (pnc. 132,^a) 
npHHHx aaKOH pac^peÄe.^eHHH xojiiuhh JionacxH paöoqero KOJieca >[XnJ160/14, paapä- 
õoxaHHoro b M3H; 


1 , % 
S, % 


20 30 40 50 

90 98 100 88 


60 70 80 90 100 
75 59 40 20 Õ 


OpH noMouiH pasBepxoK npo(J)HJie0 cxponx pa^Ha^ibHbie ceqeHHH jiHueBofi h xbijib- 
Hofi rroBepxHOcxefi jionacxH (pnc. 132, 6) h BbinojiHaiox ee xeopexHqecKHH qepxeix 
ana/iorHqHO xoMy, xaK 3xo c^e-^iaHo ocesoH xypöHHbi (pnc. 114). 




Phc. 132. npo<J)HjiHpoBaHHe jionacxH: 

a — nocTpocHHe npo4)HJTefl na kohhicckhx paasepxKax; 6 — nocrpoeHHe paflHajibHux ceqeHHfl 

jionacTH. 


J3,aH pacqexHOH ouenKH cnpocKXHpoBaHHUx JionacxHux chcxcm HcnoAbsyexca 
MexoA pacqexa oöxeKaHna peuiexoK H nocjieayiomee onpcAeJieHHe npo<J)HJibHHx noxepb 
paöoqero KOJieca (cm. § 15, 52), 


Tjiasa IX. rH;^POMEXAHHHECKHE PACHETbl 
CHHPAJIbHblX KAMEP H CTATOPA 

CnHpajibHan KaMepa cjiyjKHT j^Jisi noÄBOÄa boäh k xypÖHHe h cJ)op‘ 
MHpoBaHHH noTOKa Ha bxoäb b HanpaBjiHiomHH annapax. Ona ÄOJi>KHa 
o(5ecneHHBaTb: paBHOMepHbiH hoäboä boäh k HanpaBJiHiomeMy anna- 
paxy npn MaKCHMajibHo bosmojkhoh oceBofi CHMMerpHH noTOKa; Aony- 
CTHMbie BejlHHHHbl CKOpOCTefi H yPJIOB axaKH Ha BXO^e B CTaTOp H Ha- 
npaBjiJHoniHH annapaT npH pasjiHHHbix ero otkpbithhx, npH KOTopbix 
norepH sneprHH b cnnpajibHOH KaMepe h rjiaBHbiM oöpasoM b nanpaB- 
JiHiomeM annapaxe MHHHMajibHbi; BejiHHHHy uHpKyjiHHHH noroKa, 6 jih 3- 
KyK) KpacneTHOH. KpoMeToro, TypÖHHHan Kawepa i;oji>KHa HMexb mhhh- 
MajibHbie pasMepbi h npocTyio KOHCTpyKHHio. 

ycxaHOBjieHO, hto pasMepbi h (|)opMa CHHpajibHOH (xypÖHHHOH) Ka- 
Mepbi BJiHHioT Ha noxepH aneprHH b nefi h nocjie^yiomHx sjieMeHxax 
npoTOHHOH qacTH. ripH yBejiHqeHHH pasMepoBTypÖHHHOö KaMepu snep- 
reTHqecKHe xapaKxepHCTHKH TypÖHHbi yjiyquiaioTCJi. C Apyroö cTopoHH, 
pasMepbi TypÖHHHOH KaMepbi onpeAejiHiOT raöapKTH ÖJioxa arperaxa, 
BJIHBKDT Ha (^OpMy nO^BOAHOH qaCTH H CTOHMOCTb SÄHHKH FSC. B CBH3H 
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C 3 THM npH npoeKTHpOBaHHH ršc BbinOJIHHIOT XeXHHKO-SKOHOMHqeCKHe 
pac»ieTbi pHAa BapnaHTOB xypÖHHHbix KaMep h Bcero sAaHHH h bhöh- 
paioT onTHMajibHbie pasMepbi TypÖHHHoro ÖJioKa. B nacTOHiuee speMH 
OTHOCHxejibHbie pasMcpbi xypÖHHHbix KaMep (uiHpHHa B njiane, Bbicoxa 
BXOi[,HOrO CeneHHH H ÄP-) BblÖHpaiOX na OCHOBaHHH HMCIOmHXCH AaHHMX 
npoeKXHpoBaHHfl rHÄpoxypÖHH h npaKXHKH cxpoHxejibcxBa SÄaHHÖ 
rSC. KoHcxpyKUH 5 i xypöHHHOH KaMepbi ÄOJiJKHa o 6 ecne*iHXb onxHMajib- 
Hyio KOMnoHOBKy xypÖHHbi H BcnoMoraxejibHoro oöopyAOBaHHH, yAOB- 
jiexBopflxb onpeAeJieHHbiM cxpoHxejibHbiM xpeöoBaHHHM. 




^ X AXUAl X ^ 


B saBHCHMocxH ox BCJiHqHHbi Hanopa h XHna rHÄposJieKxpcxrraHUHH 
npHMeHHKyr pasJiH^Hbie xhbh xypÖHHHbix KaMep [ 11 ; 16 ]. llpH nanopax 
ff = S 10 M H HeöojibiuoH MOiuHocxH arpcraxa npHMeHBiox o x - 
Kpbixyio KaMep y. ZI.jih paBHOMepHoro noÄBOAa boabi k nanpaB- 
JiHiomeMy annapaxy npH HeöojibiuHX noxepHX SHepxHH uiHpHHa xyp- 

ÖHHHOH KaMepbi (ÖAOKa) äOJI- 
JKHa ÖblXb AOCXaXO^HO ÖOJIblllOH 

(B > 4Di). C yBejiHqeHHeM na- 
nopa, pasMepoB h moihhocxh 
XHÄ poarperaxoB ox oxKpbixbix 
xypÖHHHbix KaMep oxKasajiHCb 
H nepeuiJiH k cnnpajibHbiM Ka- 
MepaM, HMeiOlUHM SHaHHXeJIbHO 
MeHbiiiHe pasMepbi b nJiaHe. 
KoHcyxoBaH xypÖHH- 
Han KaMepa npHMeHHJiacb 
panee npn HeöoJibniHX Hanopax 
// = 6 -V- 25 M ÄJiH xypÖHH 

MaJIOH MOIUHOCXH. 

BexoHHaH cnHpajib- 
Han KaMepa c nenojiHbiM 
yrjioM oxBaxa h xpaneuHeBHA- 

Phc. 133 . BeTOHHa 53 cnHpajibHan KaMepa 4 ^ 0 pM 0 H HOnepeHHblX cene 

c HenojiHbiM yrjiOM oxBaia. HHH HaillJia HaHOOJIbUiee npH- 

MeneHHe (pHC. 133 ) npH Majibix 
H cpeAHHx Hanopax H = 3-v-45.;h. PcKOMeHAyeMbie ocHOBHbie napa- 
Mexpbi: UiHpHHa b njiaHe B — (2,4 ~ 3,5) Di; yroji oxBaxa cp = 
= 180 -h 225°; cKopocxHofi Koa^xliHiiHeHx bo bxoahom ceueHHH a = 

^ = 0,8lA. 

BexoHHau cnupanbnau KaMepa cocxohx hs bxoahoh oxKpbixoft nacxH 
H cHHpajibHoro Kanajia, xapaKxepHsyeMoro yrjioM (p. B Mecxe coeAUHe- 
HUH CHHpajibHoro Kanajia c npaBofi no HanpaBJieHHio noxoKa cxenKOH 
HecnupajibHOH nacxH pasMemaexcn xaK HaauBaeMbiH syö cnHpajiH. 
riepBoe no HanpaBJieHHio noxoKa cenenne /—/ cnnpajibHOH nacxH 
HasbiBaiox BxoAHbiM ceqeHHeM (pnc. 133 ). Vroji oxnaxa ep cnHpajibHofl 
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KaMepbi oxcHHXbiBaiox ox ayöa AOBXOAHoroceneHHH. CnHpajibHbie KaMepbi 
c HenojiHbiM yrJioM oxBaxa HMeiox yroji ip < 360°. lÜHpHHa CHHpajibHoft 
KaMepbi B njiaHe saBHCHX ox XHna xypÖHHbi, yrjia oxBaxa, npHHHXOH 
CKOpOCXH BO BXOAHOM CeueHHH CHHpajIbHOH HaCXH H CFO (JlOpMbl. FIjIO- 
maAb BxoAHoro ceqeHHH onpeAGAuexcH b saBHCHMocxH ox cKopocxH Vbx 
HAH npHHHXOrO CKOpOCXHOrO K034x|)HHHeHXa a. 

MexaAAHnecKHe cnnpaAbHbie KaMepbi c KpyrAbiMH ceneHHUMH 
(pnc. 134) npHMeHHiox npn cpeAHHX h bhcokhx Hanopax H = 150 -i- 
-f- 700 M. PeKOMeHAyeMbie napaMexpbi: B = (2,5 4 ) Di; cp = 345 -f- 

-T- 360°; a = 0,5 -f- 1. 



Phc. 134. MexajiJiH^iecKaH enn- Phc 135. J^ByxnoABOÄHaH Meraji- 


panbHaH KaMepa. jiHqecKan cnHpajibHaH KaMepa. 

B nocAeAHHe xoabi paspaöoxaHbi HOBbie xunbi cnnpaAbHbix KaMep 
BepxHKaAbHbix xypÖHHi c M e m a H H bi e (h 3 cxaAH h u<eA€ 30 - 
öexoHa) c nepeAaneö HarpysKH Ha öexoH aah nanopoB H = 200 -f- 
-f- 300 M H MexaAAHuecKHe AByxnoABOAHbie 
HanopOB D = 75 -f- 170 m (pHC. 135). ZI.ByxnoABOAHaH cnupaAbHan 
KaMepa nosBOAuex sHaquxeAbHo yMeHbuiHXb AHaMexp BXOAHoro ceneHHU 
H xoAiuHHy AHCxa cBapHOH cnnpaAbHOH KaMepbi, nxo ocoöchho Ba>KHo 
npn HsroxoBAeHHH yHHKaAbHbix paAHaAbHo-ocesbix rHApoxypÖHH öoAb- 
LUOH MoiuHocxH H pasMepoB. TlEyxnoABOAHau cnHpaAbHan KaMepa npu- 
Menena na oahoh h 3 onbixHbix xypÖHH ByxxapMHHCKOH ESC {Hp — 
- 61 M, Np = 77 xbic. Keni). Kau noKaabiBaex ohhx sKcnAyaxauHH, 
KOHcxpyKiiHH xaKOH cnHpaAbHOH KaMepbi BnoAHe HaAe>KHa. 

MexaAAHqecKHe cnHpaAbHbie KaMepbi h cxaxopbi KpynHbix xypÖHK 
OÖfalHHO H 3 rOXOBA 5 IK)X CBapHbIMH. OaHUKO BaAbllOBKa TOACXblX CXaAb- 
Hbix AHcxoB AJin BepxHero h HH>KHero noneoB cxaxopa npcAcxaBAuex 
öoAbiuHe xexHOAornqecKHe xpyAHocxH. C uejibio ynpoiueHHU cBapnoH 
KOHCXpyKHHH H AA 5 I yMeHblUeHHH HanpHJKeHHH B BepXHeM H HHJKHeM 

•noHcax cxaxopa paapaöoxana HOBan KOHcxpyKUHU cnnpaAbHoö KaMepbi 
H cxaxopa, b Koxopoö nonca cxaxopa BbinoAHuioxcH Kopoöqaxoö 4 )opMbi. 
ripH 3 XOM cBapKa H oöpaöoxKa cnnpaAH BHaqnxeAbHO ynpomaexcn, a ee 
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Bec yMeHbiuaeTCH. TaKan KOHCTpyKUH^ conpajKeHHH MeraJiJiHqecKOH 
cnHpajibHOH KaMepu co craTopoM noTpeöoBajia neKoroporo HSMeHeHHH 
4)opMbi ee nonepeqnoro ceqeHHH h npoBeÄCHHH FHApaBJiHqecKHX Hccjie- 
/^oBaHHH noTOKa B THÄpoTypÖHH. 3 th HCCJieÄOBaHHH noKaaajiH, 

»iTo THÄpaBJiH^ecKHe xapaKTepHCTHKH cimpajibHOH KaMepbi co BcxaB- 
JieHHblMH TOHKHMH HanpaBJIHK)lIl,HMH CTCHKaMH HB yCXynaiOT CÜHpaJIb- 
HOH KaMepe OÖBI^IHOH KOHCXpyKUHH. 

Typ6HHHbie KaMepu KancyjibHbix rHApo- 
arperaxoB juiu nanopoB // = 3 ~i~ 15 m HMeiox KOJibueoöpasHyK) 
4)opMy c nepexoÄOM Ha npHMoyroJibHoe ceqeHHe BOAonpHeMHHKa. 06- 



JiaCXH npHMeHeHHH paSJIHHHblXXHnOB 
XypÖHHHblX KaMep B aaBHCHMOCXH OT 
Hanopa noKaaaHbi Ha pnc. 136. 

§ 67. OopMa noTOKa 
B cHHpaJiBHBix KaMcpax 

H npHMenaeMBie MeTOÄM pac^exa 

CxpyKxypa noxoKa b cnnpajib- 
HOH qacxH KaMepbi saBHCHx ox yxjia 
oxBaxa, 4>opMbi nonepeqHbix ceqeHHH 
H npHHHXoro aaKOHa pacnpeAeJfeHHH 


Phc. 136. 06.iacTH npHikffineHHH 
xypÖHHHbix KaMep: 

1 _ oTKpbiTue; II— KOJKyxoBbie; Iil— cnH- 
pajibHHe 6 eT 0 HHHe; IV — cnHpajibHMe 
weTajijiHHecKHe; V— c qacTH^iHofl nepeÄ3'iefl 
HarpysKH na öexoH. 


CKOpOCXH BÄOJIb CHHpaJIbHOXO KaHB- 

jia. CKopocxb B JiioöoH xoHKe noxoKa 
B CHHpaJIbHOH KaMepe COC XOHX H3 

MepHÄHOHaJIbHOH vi ^ 

H OKpya^HOH Üy COCXaBJIHIOmHX. 


npH paCCMOXpeHHH ÄBH>KeHHH 3KHÄK0CXH H pac^exe CHHpaJIbHOH 


qacxH KaMepbi oöhhho npHHHMaiox cJieAyiomHe AonymeHHH: 


noxoK ycxaHOBHBuiHHCH H ocecHMMexpHqHHÖ; pacxo;i qepea Jiio6oe 


ceqeHHe cnHpajibHOÖ KaMepbi, pacnojiOÄeHHoe b njiane hoä yrjioM % 


Qi = Q 


fL 

P2jt’ 


(370) 


ir^e Qp — pacqexHbiH pacxoA qepea xypÖHHy; 

noxoK B CHHpaJIbHOH KaMepe noxeHUHajibHbiH, xapaKxepHsyeMbm 
nOCXOHHCXBOM MOMeHXa CKOpOCXH üyA- = const BÄOJIb CHHpaJIbHOXO 
Kanajia. 

PeayjibXHpyioiuee ÄBUH^CHHe jkhäkocxh b cnnpajibHbix KaMcpax 
MO>KHO npCÄCXaBHXb KaK CYMMy ÄByX COCXaBJlHIOmHX HOXeHUHaJIbHblX 
noxoKOBi McpHÄHOHajibHoro noxoKa h ixiipKyjismHOHHoro noxoKa BOKpyr 
ocH xypÖHHbi. n.nfl HCCJiCÄOBaHHH noxoKa B cniipajibHOH KaMcpe nojib- 
ayioxcH xHÄpoAHHaMHqecKOH MOÄCJibio, Koxopan HMHXHpyex äbiokc- 
HHC H^HäKOCXH B CHHpaJIbHOH KÜMCpe lipii nOMOLU,!! BHXpeBOII HHXH H 
CHCTCMbi cxoKOB, pasMemeHHbix Ha OCH xypÖHHbi. nojiaraiox, qxo BHXpe- 
BaH HHXb HHÄyUHpyex CHMMCXpHqHOe HOXeHHHaJIbHOe ÄBHÄCHHe äHÄ“ 
KocxH c onpeÄGJieHHOH BCJiHqHHOH BpameHHH noxoKa BOKpyr och xyp- 
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6HHbi; CHCxeMa cxokob xapaKxepHsyex noxenuHajibHoe cHMMexpnqHoe 
ÄBMÄeHHe, oöecneqHBaiomee saAaHHbiH pacxoÄ qepea xypönny [7; 161. 
rioxeiiiiHaji cKopocxH cyMMapHoro noxoKa O npH sxom cocxohx H3 ho- 
xeHUHajia cKopocxefi Öj äbhjkchhh, BbisbiBaeMoro cmcxcmoh cxokob, 
H noxcHHHajia CKopocxefiCDa äbhjkchhh, BbiabiBacMoro BHxpcBOH hhxbio: 

®(r,z,e)=a-i(r.2:) + fl>2(6). (371) 

KoMiuieKCHbiH noreHUHaJi cyMMapHoro ncroKa 

w^i^lnr + §^lnz, (372) 

r^e 

2 = 


MHHMaa qacxb komhjickchoxo noxcHUHajia npcÄCxaBJiHex coöofi 
4)yHKHHK) XOKa 


õ = ^(FInz -f Q(p). 


(373) 


ypaBHCHHe JIHHHH XOKa B CHHpaJIbHOH KHMCpe 3anHCbIBaeXC5I B BHÄ© 

r In /• -f Qq) = const. (374) 


npH npHHHXbix AonymeHHHx jihhhh xoKa npcÄCxaBJiHiox cgöoh jiora- 
pH<})MHqeCKHe cnHpajiH. VroJi, oöpaaoBaHHbift Jiorapn^iMHqecKOH chh- 



Phc. 137. ^opna jihhhh xoKa b cnnpajibHOH KaMepe: 

a — cnnpaTibHan KaMepa Kpyrjioro ceieHHH tp = 345 °, 6 — cnnpajibHaH KaMepa 
TpaneuHeBHflHoro ce^ieHHH 9 = 192 °. 


pajibio c paÄHyc-BCKxopOM, npoxoÄHuiHM qepes JHOöyio ee xoqKy, 
BCJiHqHHa nocxoHHHan 

tg 5 = = const. (375) 

OqepxaHHH cnHpajibHoft KaMepu b njiane nojiyqaiox saMCHOH rpa- 
HHqHOH JIHHHH XOKa XBCpÄblMH CXCHKaMH (pHC. 137, a, 6). Opil H3Me- 
HCHHH pexcHMa paöoxbi xypÖHHbi 3HaqeHH5i pacxoAa Q h uHpKyjiHUHH F 
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H3MeHHK)TCii TaKHM oöpasoM, ^iTo yroji 6 noTOKa coxpaHHeT cBoe sna- 
qeHHC (cm. ypaBHCHHe (375)) h (|)opMa jihhhh xoKa b cnHpajibHoö KaMepe 

He MeHHCTCH. 

rHÄpoMexaHH^iecKHH pacqex xypÖHHHoö KaMepbi cocxohx b onpe- 
AejieHHH pasMepoB ee nonepeqHbix ceqeHHH h hx yrjiOBoro pacnojioJKe- 
HHH B njiane. Buöop MexoAa pac^exa aasHCHx ox npiiHsxux HcxoAHbix 
pac^exHbix napaMexpoB h xapaKxepa pacnpeAejieHHH cKOpocxeö bäojib 
cnHpajibHOH qacxH KaMepbi, npHMeH5iK)x cjieAyiomne MexoAfci pac*iexa 
xypÖHHHbix KaMep: 

1. Pacqex cnHpajibHOH KaMepbi, ocHOBaHHbiH na AonymeHHH noc- 
XOHHCXBa MOMeHXa CKOpOCXH B JIKDÖOH TO^KB nOXOKB B CBHpaJIbHOM 
Kanajie {v^^r = const). 

2. npoeKXHpOBaHHe cnHpajibHofi KaMepbi b npeAnoJioxceHHH, qxo 
CpeAHHH CKOpOCXb nOXOKB BOCXOHHHa BAOJIb CBHpaJIbHOrO KaHajia (^u^p = 

= const). 

3. Pacqex xypÖHHHOH KaMepbi hs ycJiOBHH yöbiBaHHa cpeAHeö 
OKpymHOH CKOpOCXH B^ojib cnHpajibHoxo KaHajia. 

4. OnpeAejieHHe pasMepoB cnHpajiH hcxoäh h 3 npHHHXoro H3Me- 
HeHHH HanpaBJieHHH noxoKa na bxoähhx KpoMKax kojiohh cxaxopa 
H jionaxoK HanpaBJiHiomero annapaxa [161. 

B npaKXHKe npoeKXHpoBaHHH cnHpajibHbix KaMep HaHÖoJibuiee npH- 
MeneHHe nojiyHHJiH nepBbie ÄBa MexoAa. MexoÄ pacnexa no saKony vj' = 
const inHpoKo npHMeiöiexcH npH pacqexe cnHpajibHbix KaMep c yr- 
jioM oxBaxa q) = 180 -r- 360°. B necnHpajibHofl (noABOAamefi) qacxH 
xypÖHHHOH KaMepbi ocecHMMexpHHHOcxb noxoKa napymaexcH, h ycjio- 
BHe = const ne BbinojiHHexcH. KaK noKasbiBaiox SKcnepHMeHxajib- 
Hbie HccjieAOBaHHH noxoKOB B cnHpajibHbix KaMepax c öojibuiHMH yrAa- 
MH oxBaxa, pacnpeACJieHHe cKOpocxeö bo bxoahom h npnjieraioiUHX 
K HBMy ceneHHHX HecKOAbKO oxjiHHaexcH ox ycAOBHH = const. 

OpHMeHeHHe MexoAa ~ const npH cooxBexcxByiomeM npoeKXH- 
poBaHHH KOJioHH cxaxopa H Bbiöope HX HHCJia oöecneqHBaex BbicoKHe 
sHaqeHHH KUJX xypÖHHbi. OAnaKo pasMepbi xypÖHHHbix KaMep b nAane 
npH 3X0M noAyqaioxcH necKOAbKO doAbiue no cpaBHenHio c paccHHxan- 
HbiMH hcxoah h 3 ycAOBHH = const. 

Pacqex cnnpaAbHbix KaMep no npHHHXOMy HSMeneHHK) nanpaBAeHHH 
cKopocxeH nepeA KOAOHHaMH cxaxopa oöecneqHBaex MeHbuine pasMepbi 
BxoAHoro H npHAeraiomHX k neMy ceqeHHH cnnpaAH; npH sxom xapaK- 
xepHcxHKH rHApoxypÖHHbi He yxyAinaioxcH [161. VMenbuieHHe raöapH- 
xoB ÖAOKa, onpeACAHeMbix pasMepaMH cnHpaAbHoö KaMepbi, ocoöchho 
B aÄHO npii npoeKxnpoBaHHH Momnbix XHApoxypÕHH. 

§ 68. OöocHOBaHHe m bbiõop pac^exHbix napaMexpoB 

cnHpajiBHOH KaMepbi 

OpejKAe qeM npHcxynnxb k xHApaBAHqecKOMy pacqexy cnnpaAbHOH 
KaMepbi, HeoöxoAHMO saAaxbCH phaom hcxoahhx BejiHqHH. PasMepbi 
xypÖHHHOH KaMepbi b nAane, yroA oxBaxa cnnpaAbHoft qacxH, sHaqeHHe 


cKopocxH bo BXOAHOM ceqeHHH H (JiopMa nonepeqHoro ceqeHHH npHHH- 
MaioxcH Ha ocHOBaHHH xexHHKO-SKOHOMHqecKoro anaAHsa pHAa ea- 
pnaHxoB cnHpaAbHbix KaMep. üpn Bbiöope onxHMaAbHoro BapnaHxa 
oneHHBaiox h conocxaBAsnox sHeprexHqecKHe noKaaaxeAH rHApoxypÖHH- 
Horo OÖOpyAOBaHHH, KOMnOHOBKy 3AaHHH rsc H ero CXOHMOCXb. 

yroA oxBaxa h naomaAb BxoAHoro ceqeHHH cnnpaAbHOM KaMcpw. 
KaK noKasbiBaiox AanHbie MOACAbHbix HcnbixaHHH pasAHqHbix rHApo- 
xypÖHH, noxepH sneprHH b xypÖHHHOfi KaMepe, cxaxope h HanpaBAJiio- 
meM annapaxe saBHcnx (npH aaAaHHOH lUHpHHe ÖAOKa b nAane) ox 
COOXHOmeHHH MeJKAy npHHHXblMH HAOmaABIO BXOAHOrO ceqeHHH Fbx 
H yxAOM oxBaxa (p. OpH BbiöpaHHbix pasMepax bxoahoxo ceqeHHH 
cnHpaAbHOH KaMepbi yBCAHqeKHe yrAa oxsaxa, c oahok cxopoHbi, 
npHBOAHX K yMeHbuieHHK) HepaBHOMepHOCXH noxoKa BAOAb nepHMexpa 
HanpaBAHiomero annapaxa, qxo ÖAaronpHHXHO BAHnex HaxapaKxepHcxHKH 
THApOXypÖHH. C ÄpyrOH CXOpOHbl, npH 3X0M yneAHqHBaiOXCH CKOpOCXH 
B cnnpaAbHOM KanaAe h cosAaBaeMan sanpyxKa noxoKa, b peayAbxaxe qero 
Moryx BOSpacxH noxepH SHepxHH b HanpaBAHiomeM annapaxe. OpH 3a- 
AaHHOH uiHpHHe ÖAOKa B nABHe B = B 2 (pHC. 133) neoöxoAHMO 

noÄOÖpaxb xaKoe cooxHomeHHe MejKAy F^x n cp, npH KOXopoM KHil 
XypÖHHH ÖblA Öbl HaHÖOAbUIHM. OnXHMaAbHbIH BapHaHT CIIHpaAbHOH 
KaMepbi BbiÖHpairx na ocHOBaHHH AaHHbix MOACAbHbix HcnwxaHHH 
npHHHXoro paöoqero KOAeca c pasAHqHbiMH cnnpaAbHbiMH KaMe- 
paMH. 

HaHMeHbuiyK) uiHpHHy ÖAOKa arperaxa oöecneqHBaiOT cnHpaAbHbie 
KaMepbi c yrAOM oxBaxa (p — 180°. üoaxoMy ajih pycAOBbix FSC c ueAbio 
yMeHbuieHHH cxohmocxh sAaHHH npHMeHHHDx cnHpaAbHbie KaMepM c yr- 
AaMH oxBaxa (p = 180 192°. B cnHpaAbHHX KaMepax c HenoAHbiM 

yxAOM oxBaxa (ip = 180 192°) npaBan npoAOAbnan cxeHKa KaMepbi 

AOAJKHa HaxoAHXbCH Ha paccxoHHHH B^ = (1 -j- 1,2) Dl ox ocH arpe¬ 
raxa (pHC. 133). MeHbiHHe SHaqeHHH Dg npHBOAHx k CHHX^eHHio KFIjl, 
xypÖHHbi. 

/Iah cpeAHe- h BbicoKonanopHbix niApoxypÖHH, ycxanaBAHBaeMbix 
Ha npHnAoxHHHbix H AepHBauHOHHbix rSC, yxAbi oxBaxa cniipaAbHbix 
KaMep npHHHMaioT siiaquxeAbHo öoAbme: q = 270 360°. ^cm Bbime 

Hanop Ha rHApoxypÖHHe, xeM öoabuihh yroA oxsaxa AOAJKHa nMexb chh- 
paAbHaH KaMepa, nocKOAbKy c yBeAHqeHHCM Hanopa nepaBHOMepHOCxb 
pacnpeAeAeHHH pacxoAa h CKopocxeH no nepHMexpy HanpaBAHiomero 
annapaxa BbisbiBaex AonoAHHxeAbHbie noxepH sHepran h HecxauHOHap- 
Hocxb noxoKa b npoxoqnoH qacxH xypÖHHbi. ZIah öoAee KOMnaKXHoro 
COnpHÄeHHH CnHpaAbHbIX KaMep C XypÖHHHbIMH BOAOBOAaMH Ha 
CpeAHe- H BbicoKOHanopHbix ESC HaAO xaKxce npHMeHHXb öoabuioh yroA 
oxBaxa [16]. ^ 

XIah HanopOB ao // = 80 h yrAOB oxBaxa (p = 270 315 ria- 

pHAy co cnHpaAbHbiMH KaMepaMH KpyxAoro ceqeHHH npiiMeHHiox cnH¬ 
paAbHbie KaMepbi C xaBpOBbIMH, pOMÖOBHAHHMH H ApyCHMH ^^Op^aMH 
nonepeqHbix ceqeHHH. MexaAAnqecKne cnnpaAbHbie KaMepbi (q) = 
= 345 ^ 360°) HMeiox KpyrAbie nonepeqHbie ceqeHHH c nepexoAOM na 
SAAHnxHqecKHe b paHone syöa. 


268 


269 







ripH paevere cnHpajibHbix Kawep uiHpOKO nojibsyioTCH ^anKbiMH 
SKcnepHMeHTajibHbix HccjieÄOBaHHH rHÄpoxypÖHH h onbixoM npoeKTH- 
poBaHHH SAaHHH FSC. PeKOMCHÄyeMbie snaqeHHH yrjiOB oxBaxa enn- 
pajibHHX KaMep rHÄpoxypÖHH pasJiHqnbix thöob npHBeAeHbi b xaÖJi. 36. 


Ta6Aui{a 36. yrJibi oxeara cnapajibHbix KaMep rHAporypöHH pasJiHHHux thoob 


TanH xypÖHH 


^HanasoH ^ oxsaxa 
HanopoB H, m cnnpajiH ijp, 
zpaa 


OeesHe noBOpOTHOJionacTHbie 3—30 180—200 

OceBHe noBopoTHOJionacTHbie h pa^HaJibHO-oceBbie 30—50 200—225 

OceBbie noBopOTHOJionacTHbie, pajtHajiBHO-oceBbie h ÄHa- 

roHajibHbie 50—75 200—225 

PaÄHajibHo-oceBHe h iiHaroHa;ibHbie 95—310 315—330 

PaflHajibHO-oceBbie 310—700 345—360 


SHaqeHHe epe^Heö CKopocTH übx h CKopocTHoro K034x|)HUHeHTa a = 



Bo bxo^hom ceqeHHH cnnpaJibKOH KaMepbi npHHHMaiOT b saBH- 


CHMOCTH OT Hanopa TypÖHHbi (pHC. 138); no npHHHTofl CKopocTH Bbiqnc- 
JiHiOT njiomaflb BXOÄHoro ceqeHHH cnHpajibHoö KaMepu: 



Qp? 

360Xx * 


(376) 


OopMa BXOAHoro ceqeHHH mo^kct öbixb pasjiHqnoH b aaBHCHMocxH 
ox raöapHXOB öJiOKa h komhohobkh MexaHHSMOB xypÖHHbi, Oöbiqno npH- 
HHMaiox xpanenneBHÄHbie ceqeHHH, ÖJiHSKHe k cHMMexpnqnbiM; Bbicoxa 
ceqeHHH b sxom cjiyqae btx = fc* + + b". 



a õ 


Phc. 138. PeKOMeHÄyeMbie SHaneHHB CKopocTH h CKOpocTHoro KOS^xj^HUHeiira 

BO BXOÄHOM ceqeHHH CHHpajibHofi KaMepbi: 
a oeesHe TypÖHHbi; 6 — paflHajibHO-oceBbie xypöHHbi. 


OpH Bbiöope pasMepoB bxoahofo ceqeHHH öexoHHOH CHHpajibHoö 
KaMepbi ÄJiH BbiqHCJieHHOH njiomaAH F^x noJibsyioxcH cjieAyiomHMH eoox- 
HomeHHHMH [11; 16; 22]. Pa^Hyc BXo/iHoro ceqeHHH npHHHMaiox 

1,6 Dj; Bbicoxy Bxo;iHoro ceqeHHH bsx = (1,82) c (pHC. 139). 
KaK BHÄHO H3 pHC. 139, pasHbiM yxjiaM oxBaxa cooxBexcxByiox 
pasjiHqHbie raöapnxbi xypÖHHHOH KaMepbi b njiane. 
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SHaTOHHa ÄHaMerpoB pacnojioaieHHH BXoaHHX D„ h buxoähhx Dt 
KDOMOK KOJIOHH H ÄpyrHe pasMepbi cxaxopa (pnc. 140) BbiÖHpaiox 
HopMajiHM [23] b aaBHCHMOCXH ox ÄHaMexpa Di xypõHHbi h xnna chh- 
paJibHOH KaMepbi (xaÖJi. 37). - 



Phc. 139. npHMCHHeMbie $opMbi OexoHHbix cnHpaJibHbix KaMep. 


UlHpHHa cnHpaJibHOH KaMepu b njane “= 

ÄViomHX peKOMCHnaUHH; npn ep = 180 R> Rb% + 225'’ naa- 

= 2(Y) J^225° R > Rbx + l.lDx. ÄJiH yrJia oxBaxa q. > 225 paa 

MepToKOHaaTCJibHO onpeaeaaeTca B xoae npoeKTHpoBaHHH npoToanoH 
qacxH THÄpoxypÖHHbi. 



Phc 140. HopMaJiHSOBaHHHe KOHCxpyKUHH cxaxopa ^«ÄpoxypÖHH: 

a - JoHHan cnnpa^bHaH KSMepa. .Hxofl cxaxop; 6 - - 
a — OexoHHaH ciiMp, jjjj^ecKan cHHpajibHaH KaMepa, jihtoö cxaxop. 


Bbi6oD (bopMbi nonepeHHbix ceqeHHH. JXjiü hhsko- h epe^Henanop- 
Hbix ocesbijf rHÄPoxypÖHH npHMeHaioT “«paJ^bHue KaMepu^p^neuH^ 
RHiHoro (xaBpoBoro) ceqeHHH, a A-nn BbicoKOHanopHbix (D öu . 
^ 80m)^ Kpyrjioro ceqeHHH. OopMa ceqeHHH cnnpaJibHbix Ka m p 

3'aBHCHx\aKHfe"ox KOHKpexHbix ycHOBHH -P--/XneTHrio\ npH 
CnHpaJibHbie KaMepbi xpaneuHeBHÄHoro ceqeHHH o6ecneqHBaiox p 


271 







TaõAUu^a 37, OciioBHwe paaiviepbi craropoB b aasHCHMOCTH ot HopMajiHsoBaHHwx ÄHaMcrpoB rHApOTypöHH 
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npHMe^iaHHC. /t;ia öeTOHnoö cnapa^bHOö KaMepbi: npa Di <5000 mm K = mm\ npa Dj > 5000 mm mm. 


TOM me yrjie oxBaxa naHMenbuiHe raöapHXbi ÖJioKa b njiane, a Kpyrjioro 
ceqeHHH — HaHÖojibuiHe. 

CooxHomeHHH Me^^y bhcoxojh h uiHpHHofi xaBpoEoro ce^eHHB (pHC. 
139) npHHHMaiOX B SaBHCHMOCXH OX KOHCXpyKIlHH CBHpaJIbHblX KaMepv 
Koxopbie Moryx BbinoJiHHXbCB: c ejiockhm eoxojikom; c cHMwexpHqHbiMH 
HJiH HecHMMexpHqHbiMH ceqeHHBMH oxHocHxeJibHo ocH HanpaBJiBiomera 
annapaxa; c bjiockhm bojiom. 

JXflR HSBecxHOH BJioinaÄH BXOÄHoro ceqeHHH oxHomeHHe ero Bbicoxbi 
btx K uiHpHHe ÜBx BbiÖHpaiox, nojibsyacb AaHHbiMH npocKXHbix opranH- 
sauHÖ H saBOÄCKHMH peK0MeH;taLi.HBMH. ZIjib cnHpajibHbix Kanep c njioc- 
KHM nOXOJIKOM HJIH HOJIOM HpHHHMaiOX: b^JCL^x = 1,5 1,85; ai = 

= 15°. C ii.ejibio yMeHbiiieHHH nmpHHbi uJioKa b njiaHe sxo OTHomeHHe 
MOJKex öbixb yBejiHqeno äo 2-f-2,2, npH sxom = 25-i-35° [16]. 
ZlajibHeHuiee yBejinqeHHe Bbicoxbi ceqeHHH Mo^ex npHBecxH k oõpaso- 
BaHHK) sacxoHHbix 30H B HoxoKe Hepcs cHHpaJibHbiH KaHaji H yxyÄUie- 
HHK) sHeprexHqecKHX xapaKxepHcxHK xypÖHHbi. MsMeneHHe Bbicoxbi. 
nonepeHHHX ceqeHHÖ BÄOJib cnnpajibHoro Kanajia npHHHMaiox no sa- 
KOHy napaöojibi hjih npHMOH jihhhh. üpH Bbiöope 450pMbi nonepeqnoro 
ceqeHHH cnnpajibHOH KanepM h ero pacnojiox^eHHB oxHocHxejibHO na- 
npaBJiHiomero annapaxa yqnxbmaiox xanjKe nanop xypÖHHbi, pacnojio- 
jKeHHe BOflOcöpocoB, reojiornqecKHe ycjiOBHH, BejiHHHny sarjiyÖJienH» 
paöoqero KOJieca noÄ ypoBenb HHJKnero öbe^ia, pasMemenHe bceomo- 
raxejibHoro oöopyÄOBaHHH h nonemenKH. TaK, nanpiiMep, npHMeneHHe 
cnnpajibHOH KaMepbi c ejiockhm hoxojikom nosBOJinex jiynuie pasnec- 
XHXb maxxHbie cepBOMOxopbi nanpaBJinioinero annapaxa h yMeHbUiHXb. 
jlJiHHy BaJia arperaxa. Ilpn sxom coKpamaexcn oõTjCm öexoHa noABO^non 
qacxH sjiaHHH, no noHHJKaexcn oxMexKa ^na noflEOÄameö qacxH KaMepbi, 
qxo na pycjiOBbix FSC npHBOÄHX k yBejiHqenHio Beca saxBopoB h oöi^eMa 
BbieMKH rpynxa. Xoxh öexoHHbie cnnpajibHbie Kanepbi c pasjiHHHbiMH, 
(JiopMaMH nonepeqnbix ceneHHH b rnjipaBJiHqecKOM oxHomeHHH cnHxa- 
lOxcH npHMepHo paBHoneHHbiMH, HaHÖojibuiee pacnpocxpaHeHHe nojiy- 
qHjiH cnHpajibHbie KaMepbi c CHMMexpHHHbiMH hjih 6jih3khmh k hhm 
ceqeHHHMH. 

JIjih pajiHajibHo-oceBbix rHÄpoxypÕHH b öojibmiiHCXBe cjiyqaes npH- 
Menniox MexajuiHqecKHe cnnpajibHbie KaMepbi Kpyrjioro h sjuiHnTHqe- 
cKoro ceqeHHH. B oxjiejibHbix cjiyqanx äJIh HHSKonanopHbix paÄHajibHO- 
oceBbix FHJipoxypÖHH (// = 30 60 m) npHMenHioxxaBpoBbie ceqeHHH, 

npH HasHaqeHHH paanepoB Koxopbix nojibsyioxcH xenn me peKOMCHÄa- 
HHEMH, qxo H ÄJIH oceBbix xypÖHH. 

§ 69. Pacnex cnnpajibHOH KaMepbi 
H3 yCJIOBHH nOCTOflHCTBa MOMeHXa CKOpOCTH V^jr = const 

3a;i,aqa pacqexa saKjnoqaexcn b onpeÄCJieHHH pasnepoB cniipajib- 
HOH KaMepbi npHHHXOH xypöHHbi. 

HcxoÄHbie AaHHbie: pacqexHbifi nanop; pacqexHbie Momnocxb h pac- 
xoa xypÖHHbi. 
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CoÄepjKaHHe pacnera. Hphhhb CKopocxb noTOKa bo bxo;i,hom ce*ie- 
«HH corjiacHO pHc. 138 h yroji oxBaxa cnHpajibHoft KaMepbi noxaöji. 36, 
npH noMOLHH BbipajKeHHH (376) BbWHCJiHiOT njiomaAb ceqeHHsi. Jljia. 
oöecne^eHHH paBHOMepHoro noABo^a boäbi no BceMy nepnMexpy na- 
npaBJiBiomero annapaxa anaqeHHH pacxo^a qepea nonepeqnbie ceqeHH^ 
cnMpajibHOH KaMepbi äojitkhu öbixb onpejiejienbi corjiacHo aasHCHMocxn 
(370). C ÄpyroH cxopoHbi, pacxoÄ qepea Jiioöoe ceqeHne cnHpaJibHoö 
sKaMepbi MOJKex 6bixb onpeÄeJien no 4)0pMyjie 

Qi = j* (^) (377) 

ro 

r^e To — pa^nyc pacnoJiomeHHH bxoähhx KpoMOK JionaxoK nanpas- 
Jiniomero annapaxa; Ri — napyjKHbifi paflnyc i-ro ceqeHHH. 

OKpyjKHaH cocxaBJinioiuaH cpeAHen CKopocxH noxoKa b jiioöom ce- 
^eHHH 

= I. (378) 

Tj\e K — nocxoHHHan cnnpajibHOH KaMepbi. 

C yqexoM ^opMyji (377) n (378) pacxoÄ qepea BXOÄHoe ceqenne npn- 
aiHTbix pasMepOB 

R 

Qbx = Qp = ObÄ = K I dr. (379) 

ro 

ITocxoHHHaK cnnpajibHOH KaMepbi 

R 

/C=QBx/J‘-^dr. (380) 

ro 

rioflcxaBHB B ypaBHenne (377) SHaqenne Qi corjiacno (370) n Vu hs 
(378), nojiyqaiox EbipaHcenne äjih BbiqHc.neHH5i yrjia pacnojiojKeHHH Jiio- 
6oro ceqeHHH b njiane: 

<)>. = |jj'^’dr. (381) 

ro 

yroJi noxoKa 6 b cnHpa.xbHOH qacxH KaMepbi onpe;iejiHexcH cocxae- 
JIHHDLHHMH aÖCOJIIOXHOH CKOpOCXH HOXOKa Ha BXOAC B HanpaBJIHIOmHH 

annapax: 


Qp 
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(382) 

(383) 


( 384 ) 


Hcnojibsyn BbipajKeHHH (383) h (382), noJiyqaiox 


5 = arctg 


Qp 

2nbiK ■ 


BbiqHCJieHHUH yroji ö Hcnojibsyiox xaiüKe npn npo^iHJinpoBaHHH 
KOJioHH cxaxopa. llocjie noÄCxanoBKH anaqeHHH K hs BbipajKCHHH- 
(384) B (381) nojiyqaiox ypaBHeHHe 


R 



ro 


(385) 


KOTopoe ycxaKasjiHBaex sasHCKMOCTb 


MejKjiy pasMepaMH ceqeHHH chh- 


pajibHoro Kanajia h nojiHpHbiM yrjiOM hx pacnojiomeHHH b njiane. IIpH 


pacqexe cnnpajibHbix KaMep xpaneitHCBHÄHoro ceqeHHH sbäbioxch saBH- 
CHMocxbK) b{ry, nojibsyncb BupaHceHHCM (385), onpe^ejiHiox yroji pac- 
nojiojKCHHH jiioöoro pacqexHoro ceqeHHH b nJiane. B cjiyqae pacqexa 


CHHpajibHbix KaMep Kpyrjioro ce- 
qeiiHH saflaiox nocJiCAOBaxejibHO 
pHfl SHaqeHHH yrjia cp^ h BbiqncjiH- 
lox SHaqeHHH HHxerpajia h pasMe- 
pbi nonepeqHbix ceqeHHH. Snaqe- 
HHH HHXerpaJIOB MOXCHO BbiqHC- 
jiHXb npH noMOuiH rpaiJioaHajiHXH- 
qecKHX HJiH anajiHXHqecKHX Me- 
XOÄOB. ripH ÄOCxaxoqHO npocrofi 
(J)opMe ceqeHHH (xpaneiiHH hjih 
Kpyr) HHxerpajibi y^oÖHO Bbiqnc- 
jiHXb anajiHXHqecKH. 

IlocjieÄOBaxejifaHOcxb pacqexa 
cnHpajibHOH KaMepbi xpanei^neBHA- 
Horo ceqeHHH. 1. TIjih npHHHxoro 
ÄHaMexpa paöoqero KOJieca 

BbiÖHpaiox pasMepbi cxaxopa xyp- 
ÖHHbi (xaÖJi. 37, pHC. 140). 

2. ÜOJlbSyHCb KpHBOH Übx = 
= f (H) (piic. 138), npHHHMaiox 
CKOpOCXb BO BXOÄHOM ceqcHHH H 
saAaiox yroji oxBaxa cnHpaJibHofi 



Phc. 141. reoMexpH^iecKHe cooiKomeHHa 
TaBpoBbix ce»ieHHH cnHpa.fibHofi KaMepbi. 


KaMepbi. 

3. BbiqHCJiHiox njioma^b bxoähoxo ceqeHHH cnnpajiH, no.xbsyncb 
ypaBHeHHCM (376). 

4. B COOXBeXCXBHH C HSJIOJKeHHbIMH peKOMeHÄaUHHMH npHHHMaiOT 
reoMexpHqecKHe cooxHomeHHH BXOAHoro ceqeHHH (pHC. 141). Onpe^e- 
jiHiox yroji 6 cnnpajibHOH KaMepbi (384). 

5. BbiqHCJiHiox pasMepbi ApyrHX nonepeqHbix ceqeHHH cnnpajibHoro 

Kanajia h HaxoÄHx hx yrjioBoe pacnojiojKenHe b njiane. TIjih sxoro Me^K^y 
pajIHycaMH Rbx h ra qepes HHxepBaji 0,5 1 jw sa^aiox 6-^-8 npoMe- 

ÄyxoqHbix ceqeHHH. SaBHCHMocxb MejK^y bhcoxoh ceqeHHH h ero 


275- 








paAHycoM npHHHMaioT no saKony KBaÄpaxHqHofi napaöojibi (bosmoäho 
saÄaHKe Apyroro saKona): 


nojia cnnpajiH x — py\ \ 
ÄJin noTOJiKa cnnpajin x = p^yl. j 


(386) 


Ko34)(J)HmieHTbi p n pi BuqHCJiaiOT, ncnojibsyH rpaHHqnbie ycjio- 
BHH BXOAHoro ccqeHHB. ripH X = a: yi = t, y = L. IloÄCTaBjiHH ana- 
^eHHH y u y^B (386), nojiyqaiOT: 


p = a!L^\ \ 
pi = a/t^. J 


(387) 


SaBHCHMocTb Me>KÄy y ^ yi KaxoflHT H3 (386): 

y = jyi- (388) 


Hs paccMoxpeHHH pnc. 141 cjie^yex, qxo b* = b y yi. FIoä- 
cxaBJiHH SHaqeKHe y hs ( 388), nojiyqaiox 

b* = b-\-^yi + yi = b 1^, 

^xKy^a 

(389) 

/?-> 

Zl-nn pacqexHbix ceqeHHÖ cnHpajibHofi KaMepbi cnpaBe^JiHBbi cjie- 
.ÄyK)iii,He saBHCHMocxH: 

~ RbX 

(390) 

Roi “ ^2 yi tg OS2- . 

B xoAe onpeÄejieHHH yrjioB cpj, noji, KoxopbiMH pacnojio^Kenbi b nJiane 
pacqexHbie ceqeHHH, HeoöxoAHMo KaHc^bifi pas BbiqHCJiHXb snaqeHHe 

HHxerpaJia /^- = ^ dr. C stoh nejibio pacqexnoe ceqeniie pasöHBaiox 

h 

na yqacTKH /; //; ///; IV, Bbicoxa Koxopbix Mo>Kex öbixb BbipaxKena 
onpe;],ejieHHOH saBHCHMocxbio (pHC. 141): 

bi = b= const; bii = m -\- nr, bm — 

^iv = + (10 + 20) MM. 

Ko3(J)(|)Hu;HeHTbi m, m^, n, ypaBHeHHÖ npHMbix onpeAejiaiox Kaxs- 
Aoro yqacxKa npH noMOiuH rpaHHqnbix ycjiOBHH. 
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TaÕAui^a 38 . Pacqex cHHpajibHoA KaMcpti rpaneuHesHÄHoro ceqeHHfl no aaKOny r = const 
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y q a c T o K II {Ri> Rz). npH r = /?i: 6ii = b*; npH r = Rzi bn =* 
5=6* — {Ri — Rzjctgaz. rioACTaBJi^^ snaqeHHe bn b ypaBHeHHe bu = 
= m-\-nr, nojiyqaiOT ciicxeMy ypaBHGHHfi: 


6* = m + nRi\ 

b* — {Ri — Rz) ctg aa = //z + nRz, 


(391) 


peuian KoxopyK) BbiqHCJiHioT K03(}x|)HUHeHTbi m B n. 

Ecjih Ri < R^, to CHCxeMa ypaBHeHHÜ npHHHMaex bhä: 

b* — (Rz — -^i) ctg ai = m + nRi, I 
b* = m-{- nR^. J 


(392) 


yqacxoK III. npH r = /?2 : 6iii = 6* — {R^ —/? 2 )ctga 2 ; npH 
r = rci' b\\i = 6i. ÜOÄCxaBJiHH rpaHHqHbie snaqeHHH bm b saBHCHMOcxb 
bui = /zzj + n^r, nojiyqaiox CHCxeMy ypaBHeHHÖ: 


b* = {Ri — Rz) ctg aa = /72i + UtJR^', 
6o = mj 4- n^r^. 


(393) 


H3 KoxopoH onpe^eJiHKDx K034){|)HUHeHXbi /72i H U-^. Hnxerpajibi ceqeHHÖ 
Il onpeÄejiBKxrcH hs BbipajKenHB 

Ri Ri Rb Ri ''a 

= J + J 'H^dr+^a^^dr+^^fdr. (394) 

rfj Rt Ri '■fl 

riocjie noÄCxanoBKH K03(|)(J)m];HeHxoB b BbipaxcenHe (394) nojiyqaioxi 

Rj 

^ dr = b* (In Ri — In Rj) + m (In Ri — In R^) + n{Ry- R^) + 

'b 

+ mi (In R2 — In rj + {R^ — rJ + 61 In ^ = 6* In Ri + 

b 

+ (m — 6*) In/?! + nRi -f (mi + m) In R^ + («1 — n)Rz— (395) 

— mi Inr^ —/Zir^ + 61 In^. 

rToJibsyacb saBHCHMocxbK) (395), BbiqHCJinrox HHxerpajibi Bcex pac- 
qexHbix ceqeHHÖ; npH noMomn (385) Haxo^Hx yrjibi (pj. Pacqex cboähx 
B xaÖJi. 38. X(j7B npoBepKH njiaBHocxn cnnpajibHoro Kanajia cxpOHx 
KpHBbie Ri = /i ((p); y= /a ((p); = /g (ep), a xaK>Ke rpa(J)HK HSMeneHHH 

cpe;tHeH CKOpocxH Uicp/^Bx = fg, ((p). Ecjih y ayöa oxnomeHHe Vi/v^x > 
>1,4—1,5, yBejiHHHBaiox njioma^iH ceqeHHH h KoppcKXHpyfox oqep- 
xaHHH cnnpajibHoro Kanajia. 

OpHHHB onpeACJieHHoe hhcjio ceqeHHH, npoBeÄCHHbix qepes Aq) = 
= 15 30°, onpeAeJiHiox BejiHHHHbi R], y, y^ h bhhojihhiox xeopexH- 

qecKHH qepxe>K öexoHHOH cnHpajibHofi KaMepbi (pHc. 142, a, 6). 

3y6 cnnpaJibHOH KaMepbi BBJinexcH oähoh h3 kojiohh cxaxopa 
(pHC. 133). Pa^Hyc R^, o6pa3yK)mHH oqepxaHHe 3y6a co cxopoHbi noÄ- 
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BOÄHinero Kanajia, npHHHMaiox b saBHCHMocxH ox yrjia oxeaxa. lipu 
(p r= 180°: R^ = 0,2Di; (p = 225°: R^ — l.ODi; npH <p = 270°: Rz = 
= l,44Di. 

Paenex cnHpajibHOM KaMepw Kpyrjioro ceneHH» no aaKOHy ©«r = 
= const. npocKXHpyeMOH xypÖHHbi H3BecxHbix napaMexpoB (//p; 
Np\ n) npHHHMaiox uiHpHHy 6jiOKa h yroji oxeaxa cnHpaJibHOH KaMepbi 
(p. Pacqex cnnpaJibHoft KaMepbi npoBOA^x b cjieAyiomeH nocjieAOBaxeJib- 
hocxh: 



G S 

Phc. 142. TeopeTHqecKHH qepieÄ ÖeTOHHofi cnHpaJibHofl KaMepu: 
a — BcpTHKajibHaH i]poeKi;HJi h nJiaH KaMepbi; 6 — pa;iHajifaHbie ce^ieHHH Kauepu. 


1. npHHHMaiox CKOpOCXb üOXOKa BO BXOÄHOM CeHCHHK (pHC. 138). 

2. PacxoÄ qepea bxoähoc ceqeHHe cnHpajiH 

Qbx = Qp3^. 

3. Onpe^eJiHiox njioinaAb BXOAHoro ceqeHHH h ero paAHyc: 

= Pbx = /%. (396) 

BX 

4. PacxoA qepea jiioöoe Kpyrjioe ceqeHHe cnnpaJiH (pHC. 143) 

R a+P _ 

Q,. = |fc(r)tr^dr = K I 

>'b 

= 2nK{cL — y — p^), (397) 

r^e p — paAHyc paccqHXbiBaeMoro ceqeHHH; a — paccxoHHHe uenxpa 
ceqeHHH ao och xypÖHHbi. 
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C ;tpyroö cropoHbi, corjiacHO (370) 

0 — 0 

— Vp 3600 - 

üpHpaBHHBaH npaBbie qacTH ypaBHeHHÖ (370) h (397) h oÖosHaqa» 

Qp/2nK = i ; cp^/360° = (p. 


nojiy^aK)T saBHCHMocTb 


_ (p = ö— y a^— p2. 


(398) 



JXjiü BXOAHoro ceqeHHH 
cnHpajibHoö KaMepbi (pHc. 
143); 

(399) 


^ 7/ 2 2 

^BX ^ ^BX PbX 


Qr.C 

/C= ^ 

^ 2jt ’ 


(400) 

(401) 


I r^e q)Bx — yroji pacnojiOÄe- 

Phc. 143. reoMCTpHHecKHe cooTHomeHHa ceqe- HHB BXOflHOro ceqeHHH, paB- 
HHH cnHpaj[bHOH KEMepu Kpyrjioro ceqeHHH. HblH yrjiy OXBBTa CBHpaJIb- 

Hoö KaMepbi; 

npjICTaBjiBH a H3 (399) b ypaBHCHHe (398) h oöosHaqaa 
= x, nojiyqaiOT ypaBHenHe, KOTOpoe pemaioT othoch- 


TejlbHO Xl 




(402) 


riocjie qero BbiqHCJiBioT paccxoHHHe ao ueHTpa pacqexHoro ceqeHHH 

a = R^-\- X. (403) 

5. PaAHyc Jiioöoro ceqcHHH 


P/= + ■ 


HapyjKHbifi paAHyc ceqeHHH 

Ri = ai-\- 9i- 

Bce pacqexbi noMemaiox b xaÖJi. 39. 


(404) 


(405) 
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ripHMeqaHHG. B KBaflpaTnux cKOÖKax yKaaaHW HOMepa rpa$, h 3 KOTopwx b pacqeiHbie Bwpax<eHHB noACTaBJinioT rpeöyeMwe 





6. JXjiü npoBepKH njiaBHOCTH HSMeneHHH ceqeHHH h cpe^HHX cko- 
pocTCH noTOKa qepes hhx cTpOHT KpHBbie R = / (cp) h = / (/?) (pHC. 
144; 145). JXjiü yMeHbuieHHH cKopocTeft noTOKa b pafioHe syöa nJiomaAH 
ce^ieHHH Ha stom yqacxKe HecKOJibKo yBCJiHHHBaiOT. 

7. "^Toöbi pacqeTHbie ceneHHH KacajiHCb CTaropa b saÄaHHOH tohkc 
Ä (pHc. 143), qacTb ceqeHHH cnnpajiH BbinojiHHiOT sjijiHnTKqecKoö 

(J)OpMLI. 

BojibuiHH pa^Hyc sjiJiHnxHqecKoro ceqeHHH 



Phc. 144. ÜSMeHeHHe napyjKHoro pa^iHyca Phc. 145. HsMeHeHne cpeaneH cko- 

cnnpavibHOH KaMepu R = f (<p). pocTH u pacxoÄa BÄOjib cnHpajibHofi 

KaMepbi. 


BbiqHCJieHHoe SHaqeHHepi npHKHMaiox nocxoHHHbiMÄ-^a Bcex sjuihh- 
XHqecKHX ceqeHHH. 

8 . MeHbiiiHH pa/iHyc sjiJiHnxnqecKoro ceqeHHH 

R — [^4 + Pi (1 — eos Ct,)] 

( 407 ) 

r;;e snaqeHHe R npHHHMarox no rpa(})HKy R = f (q)). 

(384) yroji 6 noxoxa b cnHpajin npH noMOLUH ypaBHeHHH 

146)^ ^^“tnojiHHiox xeopexHqecKHH qepxexc cnHpajibHofi KaMepbi (pHc. 


flpHiviep paenera cnHpajibHoö KaMepw no saKony v^r = const. H c x o ä h h e 
il a H H bi e: HOMHHajibHan MoiHHOcxb xypÖHHbi = 51,5 Msm\ pac»iexHbiH nanop 

~ 86,5 M\ iinaMexp pa6o»iero KOJieea = 2,5 nacxoxa BpameHH« n = 
~ 250 o6Imuh\ pacxofl qepes x^^^ÖHHy npK h H^: = 66 M^jc. 

rio HopMajiHM (cm. xaÖJi. 37) BbiÖHpaiox Bbicoxy HanpaBjiHiom,ero annapaxa 
^0 — 0,25, Dj = 625 mm h "Bbicoxy cxaxopa b-^ — 20 —'645 mm. OcHOBHbie 

pasMepbi cxaxopa = 250 mm: Da = 3900 mm'. Di = 3400 mm: D, = 4150 mm: 

R = 250 mm: K = 250 mm. " 
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rio.nHaB Bbicoxa cxaxopa (pnc. 140, e) 

+ 2/ii = 645+ 2.250 = 1145 mm. 

CKopocxb Bo BxojIHOM ce^cHHH cnHpajibHofi KaMepbi npHHHMaiOT no rpa^iHKy 
^cp = f(^)’ OTKyAa = 7,54 mIc. 

BbiqHCji5Hox pacxoÄ qepes Bxo;];Hoe ceqcHHe 


V 345° 

^BX = % 3505 = • 3605 = 63,2 M^lc. 


n.aoma;ib bxoähoxo ceqeHHH cnHpajibHofi KaMepbi; 

F — — 63t2 _ CJ qo 2 

“ 7,54 ~ ^ • 
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Pa;iHyc bxoähofo ce»ieHHH 


Pbx = 




1635 JAM. 


PaCCTOHHHe OT OCH TypÖHHH ÄO UCHTpa BXO;iHOrO CeqCHHH 


= «4+j/= 1^1,635^ _0; 


0572 = 3,619 M = 3619 


HapyjKHHÜ pa;nHyc bxoähofo eetienHH 

= « + P = 3619 + 1635 = 5254 mm. 

3Ha»ieHHe bxoähofo ceqcHHa onpeflejiflioT no (fopwyjie (362): 

j =a— Va^ — p2 = 4,285 — V 18,4 — 2,67 = 0,395, 


0*0 

ripn npHHsiTOM SHaneHHH 9 = = 0 , 958 : 


360 


1 = 2:2?5^0412 

c 0,958 ■ • 

Oocji^oBarejibHO sa^aBancb phäom SHaneHHö ymoB ipt nep63 = 15 °, paccnn- 
THBaioT Bce cencHHA cnHpa;ibHOH KaMcpu. 

Onpcj^e;i5noT pasMepH ajuiHnraqecKHx cenennH cnHpajibHofi xaMepH. 

äi 

2 0,573 

Pi = - — -i—— 1000 MM 

sm ak sm 35° 

(snaneHHe pj GoxpanmoT nocxoHHHbiM äjih Bcex ajijinnTHnecKHx ceneHHH). 

BejinqHHa Pj nepeMCHHa h saBHCHX ox pa^nyca R napyxKHOFO Konxypa cnnpajib- 
hoh KaMcpH (pnc. 144): 

—[2,07+ 1,00(1 — eos 35°)] i? —2,164 
2 eos 35° ~ 1,81 ’ 

PasMcpu 3,njiHnxHnecKHx eeneHHH npHBe;^eHbi b xaöji. 40. 

TaÕAUt^a 40. PasMepbi ajiannxHHeeKHx eeqenHH ennpajibHOH KaMepu 


Ce'JeEHH 


p, MM 


R, MM 


p*. AtM 


3800 

3620 

3460 

3300 

3080 

2850 

2600 

2300 
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BbiiHejiniox yFOji noxoxa b ennpaJibnoH KaMepe (na bxoäc b kojiohhh exaxopa) 
55__ 0,412 _ con. s* ooooe^ 


tgB = rr = 
Vu 


0.645 


= 0,639; B = 32°36'. 


OoexOHHHyK) ennpaJibHofi KaMepu onpeaejiniox no 4>opMyjie 

Qn 66 - _ „ 


6,28 -0,412 


= 25,5 M^/c. 


§ 70. BjLHHHne cnnpaJiBHon KaMepbi 
Ha aneprexHHecKHe xapaKxepHCTHKH TypönHBi 

rioTepH sHeprHH b cnHpaJibHoö KaMepe, cxaTope h HanpaBJi5iK)m,eM 
annapaxe yMeHbuiaiox sHeprHio noxoKa na bxoäc b paöoqee Kojieco h, 
cjieÄOBaxeJibHO, bjihhiox na KO/I. xypÖHHbi. Ochobhbimh noxepHMH anep- 
XHH B cnHpaJibHOH KaMepe hbjihioxgh noxepH no A-nnne, Koxopbie mojkho 
npnÖJiHÄeHHO onpeAeJiHXb no (J)OpMyjie Hapcn 


t _ , I V- 

^cn— ^ TrT • 


(408) 


'•^cn— 2g • ' ' 

TaK KaK B cnnpajibHbix KaMepax naxypnbix rHÄpoxypönn ÄEHHcenne 
jKHÄKocxH rHÄpoÄHHaMHqecKH mepoxoBaxoe (Re > 10®), BejinqnHa "k 
He saBHCHX ox HHCJia Re, h noxepn sHeprHH b cnHpajibHofi KaMepe noÄ- 
HHHHIOXCH KBaÄpaXHHHOMy saKOHy 


hen — ^cn cj~ • 


(409) 


Ko3(})(J)HUHeHx noxepb C oöbihho oxhochx k cpeAHefi cKopocxH no- 
xoKa i>Bx BO BXOÄHOM ceneHHH cnHpajibHOH KaMepbi 

t;Bx = ay7/ = |!-!^. (410) 


(410) 


PasÄCJiHB noxepn na nanop xypÖHHbi 


cn _ ^ 

TT — '^cn * 


(411) 


(412> 


H noÄCxaBHB SHaneHHe übx b (411), nojiynaiox 

Kn _ ^cn 2 ^ / Q1? (412V 

H 2g 2g Ubx3607 ’ ^ ^ 

B oömeM cjiyqae K03(J)(J)HUHeHx noxepb sneprHH saBHCHX ox yrJia 
oxBaxa cnHpajibHOH KaMepbi, HSMeHeHHH cpeAHefi cKopocxH no ä-^hhc 
cnHpajibHoro Kanajia h (J)opMbi ero nonepenHoro ceneHHH. PacqexHbie 
H SKcnepHMeHxajibHbie HCCJieAOBaHHH noKasbisaiox, nxo BejiHqnna oxho- 
CHxejibHOH KHHexHnecKOH snepxHH b cnnpajibHOH KaMepe HCBeJiHKa 
vlJ2gH = 2-^-4% H noxepH aneprHH b nefi HesnaqHxeJibHbi. Co- 
rjiacHo onbixHbiM AaHHbiM äJih xypÖHHHOH KaMepbi xpaneuHeBHAHoro- 
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I 


€5 


82 


ce^eHHH c yrjioM oxBaxa (p = 180° Ccn = 0,07 -i-0,09; ä-hh cnHpajibHbix 
KaMep c poMÖOBHÄHbiMH ce^ieHHHMH npH (p = 345° Ccn = 0,22 0,24. 

OTHocHxejibHbie noxepH sHepxHH b cnHpajibHbix KaMepax oceBbix 
xypÖHH Ha peÄHMe HOMHHaJibHofi moih.hocxh moäho npHHHXb B npe^e- 
„ «nax ox 0,26% (npn a — 0,8) 

I i I f n i 1 ;i,o 0,41% (npH a = 1) B saBH- 

CHMOCXH OX paSMepOB CHHpaJIb- 
HOH KaMepbi H Hanopa. 

ÜJiH paAHajibHO-oceBbix 
xypÖHH oxHOCHxejibHbie noxepH 
SHepxHH B cnHpajibHbix KaMe- 

-?'?nn n' .fn P^X DpH (p = 345° COCXaBJIHIOX 
22W %«I0 g 22 0,25% (// = 400 H- 

-V- 500 m) h 0,6-^0,67% {H = 
= 45 Ai). 

CnHpajibHbie KaMepbi pas- 

JIHHHOH (JlOpMbI H paSMCpOB 
(JiopMHpyiox pasHbie hoxokh na 
^xoÄC B cxaxop H HanpaBJiHK)in.HH annapax, bjihhh na BCJiHHHHy noxepb 
SHepXHH B HHX H KOj], XHÄpOXypÖHHbl. Yx/Ibl nOXOKB B paSJIHHHbIX 
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tOOO 1200 mo 1600 1800 2000 


pHc. 147. BjiHflHHC paSMcpoB BxoÄKoro ceqe 
HH5I H yrjia oxBaxa öeTOHHOH cnHpaJibHofl 
‘KaMcpti na KIIXI occboh FHzyjOTypÖHHbi: 

/ — ip = 180°; a = 0,7; 2 — 9 = 180°; a = 1,2; 
3 — 9 = 135°; a = 1. 


cnHpajibHbix KaMepax cyin.ecxBeHHo oxjiHnaioxcH MejKAy coöoh (6 = 
= 25° -j- 45°); B peayjibxaxe JionaxKH HanpaBJi5HOin.ero annapaxa o6xe- 
KaioxcH noxoKOM npH pasjiHHHbix yrjiax axaKH. üosxoMy (Jx)pMy Jionax¬ 
KH nanpaBJiHiomero annapaxa cjieÄyex corjiacoBbmaxb c xnnoM cnn- 
pajibHOH KaMepbi. 

CnHpajibHan KaMepa xHApoxypÖHHbi koäboähx noxoK c onpeÄCJieH- 
HOH UHpKyJIHUHeH, BeJIHHHHa KOXOpOH F = 2kRb^Vbx SaBHCHX ox nJIO- 



Phc. 148. Bjihbhhc nJiomaOT Bxo,!iKoro ceqcKHH cnnpa/ibHOH Kaiwepbi Ha KH/]; 

xypÖHHbi: 


'Q — pa,i;HajibHO-oceBoft c MerajuiHqecKoft CEHpajibHofi KaMCpoft; / — Qj = 900 a/c; 2 — 1000 a/c; 
3 — 1100 a/c; 4 — 1200 a/c; 6 — oceBOfi c öeroHHoft cnHpajibHoft KaMcpioft. 


u;aÄH BXOÄHoro ceneHHa h yrjia oxeaxa. Opn ysejiH^ieHHH bxoahoh 
njioiii.aÄH H yMeHbuieHHH yrjia oxBaxa iXHpKyjiHUHH, co3/i.aBaeMaH chh- 
pajibHOH KaMepoH, yMeHbiuaexcn, a noxoK cxaHOBHxcH öojiee pa/i.Hajib- 
HbiM (ÖojibiHHe yrjibi noxoKa 6 Ha Bxo^e b cxaxop h HanpaBJiniomHH 
annapax). B peayjibxaxe MHHHMajibHbie noxepH b nanpaBJiHiomeM anna- 
paxe HMeiox Mecxo npn ööJibuiHX oxKpbixHHX, h onxHMajibHbiH peJKHM 


xypÖHHbi cMemaexcH b Sony yBejiHHeHHbix pacxoÄöB-i(=p.Hj;. ,147). VMenb- 
meHHe njiomaÄH bxoähofo ceneHHa cnHpajibHofi KaMepbi ^^nppeKXHpo- 
BaHHOH no saKOHy o„/- = const, KaK npaBHJio, npHBOÄHX k CHHiKeHHK) 
KUR xypÖHHbi Ha BejiHHHHy At] (pnc. 148, a, 6), a yMenbmeHHe yrjia 
oxBaxa OÄHOBpeMeHHO yxyAuiaex nyjibcauHOHHbie xapaKxepncxHKH 
xypÖHHbi. 

YBejiHHeHHe pasMepoB cnHpajibHbix KaMep, c oähoh cxopoHbi, npH- 
boähx k yÄopojKaHHK) SAaHHH rSC h, c flpyroö cxopoHbi, oOecneqHBaex 
pocx KFITi; xypÖHHbi, ee moui.hocxh h BbipaöoxKH sjieKxposHeprHH. FIo- 
sxoMy sabana no Bbiöopy onxHMaJibHbix pasMepOB xypÖHHHofi KaMepbi 
ÄOJiJKHa pemaxbCH Ha ocHOBe xexHHKo-SKOHOMHnecKoro aHajiHsa pafla. 
ee BapnaHxoB. 

§ 71 . npo 4 )HjiHpoBaHne kojiohh cTaiopa rn^qpoTypÕHHBi 

Cxaxop xypÖHHbi npe,n.Ha3HaHeH ,n.JiH nepe^ann oceBbix narpysoK. 
FHÄpoarperaxa, öexoHHoro MaccHBa h BcnoMoraxejibHoro oöopyAOBaHHH 
Ha ^yHAaMenx SÄaHHH cxanuHH. C KOHCxpyKXHBHoft xohkh spennn oh> 



Phc. 149. CxeMa pacnojioJKeHHfl kojiohh cTaxopa b TypÖHHHofl 

KaMepe. 


npeflcxaBJiHex coöoio kojiohhbi, CBaaaHHbie Mem^y coöoh npn noMomH 
BepxHero h HHÄHero noacoB. HHor/i.a npn HeöojibiiiHX nanopax bmocxo 
oömero HHHiHero nonca KaniAaa KOJioHHa cxaxopa HMeex cneunajibHyio 
onopy — öaniMaK. B oxenecxBeHHOH npaKXHKe hhcjio kojiohh cxaxopa 
oöbiHHO npHHHMaiox paBHbiM nojioBHHe HHCJia JionaxoK HanpaBJiHioin.erO’ 

annapaxa, a hx MaKCHMajibHan xojimHHa ^6max=-j = 15-t-20% 
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xopÄbi) BbiÖHpaeTCH Ha ocHOBaHHH pacHexoB Ha npo^HocTb c yne- 

TOM HarpysoK, AeöcTByiomHX na CTaxop. 

OnbiTHbie HCCJiCÄOBaHHH noKasbiBaioT, hto OHTHMajibHbie aneprcTH- 
qecKHe noKasaxejiH TypÖHHbi AOcraraiOTCfl b cviyqae paseHCTBa yrjia 
Bbixo;],a noTOKa h 3 CTaxopa h yrjia bxoäs noxoKa na JionaxKH Hanpas- 
Jifliomero annapaxa npH ero pacqexHOM oxKpbixHH. 

ÄJifl oöecneneHHH MHHHMajibHHX rH;i,paBJiHqecKHX conpoxH&neHHÖ 
CKCJiex KojioHHH cxaxopa äojiäch HBJiHXbcn npoÄOJiÄeHHeM jihhhh xoKa 
HoxoKa, 4)opMHpyeMoro CHHpajibHoö qacxbio KaMcpbi. Bbime öbiJio no- 
Kasano, qxo jihhhh xoKa b cHHpajibHofi qaexH, paccHHxaHHOH no aaKOHy 
Vur = const, ÖJiHSKH k JiorapH(|)MHqecKOH cnnpajiH. 



qaexca ox kojiohh, HaxoAHn^Hxcn b cnnpajibHOH qacxH (pnc. 149). Ko- 
JioHHbi B CHHpaJibHOH qacxH KaMepbi HMciox 0/i.HHaKOByK) (J)opMy H pac- 
noJio>KeHbi paBHOMepHo no nepHMexpy cxaxopa. 

riocTpoeHHe npo4)HJiH kojiohh cxaxopa, pacnojioxceHHbix b cnHpajib- 
HOM Kanajie [25].^ B KaqecxBe cxejiexa npo(J)HJiH npHHHMaiox oxpesoK 
JiorapH(})MHqecKOH cnnpajiH, Koxopyio cxpoHx hcxo^h h3 ycjiOBHH no- 
cxoHHGXBa yrjia ö Mexc^y KacaxejibHoft k jihhhh xoKa h pa/i.HycoM-BeK- 
xopoM B paccMaxpHBaeMOH xoqxe (pHc. 150). Snan ö, BbiqHCjiHHDx yroji 
MCÄ/ty pajtHaJibHbiM HanpaBJieHHeM h sjieMCHxoM cnejiexa kojiohhbi 

T = 90° —(S + AS), (413) 

rjxe 6 — yroji noxoxa, co 3 ;i,aBaeMbiH cnnpajibHOH KaMepofi (cm. ypaB- 
HCHHe 384), A6 — yBCJiHqeHHe yrjia noxoKa b oöJiacxH cxaxopa sa cqex 
cxecHeHHH noxoKa KojiOHHaMH, A6 = 3 -r- 5°. 


riocjieÄOBaxejibHocxb nocxpocHHH cKCJiexa npo^iHJiH KOJioHHbi cjie- 
AyiOmaH. npH nOMOlUH HSBCCXHblX pa^HyCOB pacnOJIOJKCHHH KpOMOK 
KOJTOHHbi cxaxopa ra H fb npoBOflHX AyrH CB h ^40. OxpeaoK ÄC ägjihx 
Ha « > 10 paBHbix qacxeö (pHc.lSO), h qepea xohkh ^eJieHHn npoBOÄHT 
;iyrH oKpyjKHOcxefi. Hs xohkh ä hoä yrJiOM y k AC npoBO^HT Jiyq AD 
äo nepeceqeHHH co cJieÄyiomefi Äyrofi. ^epes nojiyqcHHyio xoqKy npo- 
boähx paAHyc-BCKXOp OJl n k HCMy Jiyq JJE noA yrJioM y. RocxpoeHHe 
npOAOJixcaiox pp noJiyqcHHH xoqKH nepeceqeHHH cooxBCXcxByiomero 
jiyqa c Ayrofi CB. ToqKH nepeceqeHHH M, E ht. a- coeAHHHiox njiaBHOH 
KpHBOH, Koxopan HBJinexcH cKejiexoM npo(J)HJiH kojiohhbi. ZIjih nocxpoe- 
HHH npo 4 )HJIH KOHeqHOfl XOJIIAHHbl npHHHMaiOX 3 aKOH paCnpeAeJICHHH 
.r./->TTYTTTTtr Mpri/^jTi:.3V0MiJu E npaKXHKe nr»oeKXHr>oBaHHH kojiohh cxaxopa! 


X, % 10 20 30 33 40 50 60 70 80 90 

h, % 80,8 94,5 92,5 100 99,5 92,9 83 69,2 55,5 40 

OqepXaHHH BXOAHOH H BBIXOÄHOH KpOMOK KOAOHHbl BbinOJIHHKIX pa- 

AHycaMH Tbx = (0,27 -f-0,3) Tbx H ^bhx = (0,4 0,5) ömax- Oojio- 

jKeHHe KOJIOHHBI B cxaxopc 43HKGHpyexcH yxAOM a Mexyiy BHemneH xop- 
AOH KOJIOHHBI H paAHajibHbiM HanpaBJieHHeM. XlonycK na yroji a ycxa- 
HOBKH KOJIOHHBI OpHHHMaiOX +2°, — 4°. 

riocxpoeHHe npo^JHJW kojiohh , pacnoAoaceHHbix b oxKpuxofl nacxH 
cnHpajibHOH KaMepbi. OopMa koaohh cxaxopa h hx pacnoAoxceHHe sa- 
BHCHX ox yxAa oxBaxa cnnpaAbHoft KaMepbi. JIjir o6ecneqeHHH ocecHM- 
MexpHHHoro HoxoKa Ha bxoäc b HanpaBAHioui.HH annapax yroA noxoKa 6 
Ha BblXOAe H3 KOAOHH ÄOAJKeH ÖblXb OAHHaKOBbIM HO BceMy nepHMexpy 
cxaxopa. YroA 6 bx noxoxa na BXOAe b koaohhbi cxaxopa pasAHqeH b sa- 

BHCHMOCXH OX HX paCHOAOÄeHHH B OXKpbIXOH qaCXH KaMepbi H OÖbiqHO 

saAaexcH na ocHOBaHHH AaHHbix saMepa noxoKa Ha bxoag b cxaxop mo- 
ACAbHOH xypÖHHbi. B OXKpbIXOH qacxH KaMepbi yroA S cHaqaAa yMCHb- 
maexcH ao HyAH, a saxeM npHHHMaex oxpnuaxeAbHoe SHaqeHHe y syöa 
cnHpaAbHOH KaMepbi. lloaxoMy (J)opMy koaohhh y 3y6a BbinoAHHiox 
oxpHuaxeAbHOH kphbhshbi. HanpHMep, ajih cnnpaAbHoft Kawepbi c yxAOM 
oxBaxa cp = 225° BXOAHbie yxAbi koaohh 2 h 3 b pafloHe syöa paBHbi 
6ex = 70°; KOAOHHbi 4— 6 bx = 40° (pHc. 149). OopMa koaohh b chh- 
paAbHOH qacxH oAHHaKOBa (nocxpoeHHe cKCAexa xaKoft koaohhh h 3AO- 
iKCHO Bbime). 

npH oxcyxcxBim AaHHbix HCCAeAOBaHHH noxoKa b oxKpbixoH qacxH 
XypÖHHHOH KaMepbi MO>KHO SaAaXbCH AHHeHHblM XapaKXepOM HSMCHeHHH 
OKpyjKHOH cocxaBAHiomeH Vu MCJKAy xoqKaMH A (bxoahoc ceqeHHe) 
H B (syö cnnpaAH) [11]. Flpn sxom cocxaBAHKDiii.He cKopocxH b aioöoh 
xoqKe noxoKa na bxoac b cxaxop onpeABAHiox h 3 Bbipa>KeHHH. 


Vu — Vupi ■{" ■ ~ <p» 


P, = 


■'UB 

Qr 


n 


r 2nrM ’ 


(414) 


288 


V 2 10 7-204 


289 











rjie q)i — yroji, saHHMaeMbiö otkpbitoh nacTbio KaMepu; (p — yroji pac- 
nojioHteHHH npoeKTHpyeMOÖ kojiohhbi. 

CocxaBJiHiomaH Vu^ y syöa cnHpajibHoft KaMepu 

«UB = = ^^ctgTf' ( 415 ) 

(yroji y' onpeÄCJiHioT h3 xpeyrojibHHKa CKopocxefi b xo^kc B 3y6a, 
pHc. 149). 

CorjiacHo (378) cocxaBJiHK)ii;a5i bo bxoähom ceqeHHH cnHpajibHoö 
qacxH 



r^e K — nocxoHHHaH cnHpajibHofi KaMepbi. 

Onpe^ejiHB BejiHqHHbi Vr h Vut BbWHCJiHiox yroji noxoKa na Bxo^e 
B KOJIOHHy 

= (416) 

ripH noMomn yrjioB noxoxa Öbx h õehn na Bxo^e h Ha BbixoAe h3 cxa- 
xopa cxpoHx cKCJiexbi kojiohh, saÄaBancb, nanpHMep, jiHHefiHbiM 
aaKOHOM H3MeHeHHH yrjia ox Bxo^a äo BbixoAa h3 kojiohhh. CKCJiexbi 
KOJIOHH «OÄenaiox» npo{|)HJieM kohc^hoh xojiii;HHbi, Hcnojibsyfl sükoh 
pacnpcÄejieHHH xojimHH hjih AaHHHe kojiohh cnpoeKXHpoBaHHHX h 
HsroxoBjieHHHX THÄpoxypÖHH 6j[H3khx napaMcxpoB. 


raasa X. HAHPABJiaiOmHH AIHIAPAT 
§ 72 . HasHa^eHHe h thubi HanpaBJiaioii^Hx annapaTOB 


PanHajibHbifi (uHJiHHÄpHHecKHfi) HanpaBJiHiomHK annapax npHMe- 
HfliOT B paÄHaJibHo-oceBbix, ÄHaroHajibHbix h oceBbix eepXHKaJibHbix 
rHupoxypÖHHax. KoHH^ecKHfi HanpaBJimomHH annapax HaxOÄHT npn- 
MCHeHne b KancyjibHbix, peiKe b ÄnaronaJibHbix h BCpxHKajibHHx oce¬ 
Bbix rHÄpoxypÖHHax. OceBofi HanpaBJinioniHH annapax npHMeHBiOT 
b npHMoxoMHbix rHÄpoxypÖHHax. 

KoHCxpyKHHH HanpaBJiHioinero annapaxa AOJOKHa yÄOBJiexBopnxb 
pa^y TpeöoBaHHfi [8; 11; 23], ocHOBHbie H3 Koxopux cjieÄyiouiHe: xiaK- 
cHMajibHoe OTKpHxne HanpaBJinioiHero annapaxa äojijkho oõecnennTb 




Phc. 151. CxeMH HanpaBjisnomHX annaparoB: 

a — paAHaabHuft; 6 — KOHHHecKHft; « — occBofl. 


B peaKXHBHbix xHÄpoxypÖHHax nanpaBJiHioiuHH annapax cjiyniHX 
äJih: peryjiHpoBaHHH pacxoÄa ^lepes xypönny h cosÄannn Heoöxo/iHMOH 
iIHpKyjiHUHH nepeji paöonHM kojiccom b cooxBexcxBnn c HarpysKofi na 
arperax; npeKpauieHiiH Äocxyna boäbi k paöoneMy KOJiecy, n ocxanoBKH 
xypÖHHbi; 3ain,HTbi arperaxa ox pasrona npn cöpoce narpysKH. 

HanpaBJiHioiiiHH annapax cocxohx hs: HHJKnero h Bepxnero KOJieii 
c noAniHnHHKaMH äjih nani^ jionaxoK; jionaxoK, paBHOMepHO pacnojio- 
H^eHHbix no nepHMexpy nepe^ bxojiom b paöoqee KOJieco, h MexannsMa 
noBopoxa jionaxoK. HoBopox JionaxoK ocymecTBjiBexcH npn noMomn 
cepBOMOxopoD HanpaBjiHiomero annapaxa, noBopanHBaK)ii].nx peryjin- 
pyioinee kojibiio, cepbra h pbinarn, Koxopue Haca>KeHbi na Bepxnne 
Han(|)bi JionaxoK. B rHApoxypöocxpoeHHH npiiMeHHiOT cjieAyiomHe xnnbi 
HanpaBJiHiomHX annapaxoB: pajinajibHbiH (uHJiHHApKnecKHH) (pnc. 
151,0:) — ocH HanpaBjiHioiiiHx JionaxoK napajiJiejibHbi ocn xypÖHHbi; 
KOHHnecKHH — OCH jionaxoK pacnojiOHieHbi noA neKoxopbiM yrjiOM k och 
xypÖHHbi (pHG. 151,6); occboh — och JionaxoK nepneHAHKyjinpKbi 
K OCH XypÖHHH (pHC. 151, o). 
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pacHexHbiH pacxoA nepes xypÖHHy (c sanacoM ne Menee 5%) h ee homh- 
HajibHyK) MomHOCXb; nojiHoe aanpbixHe xypÖHHbi npH ycjiOBHH mhhh- 
MaJTbHbix npoTeneK nepes sasopbi; b MexannsMe noBopoxa jionaxoK 
npeAycMaxpHBaiOT cnemiajibHoe ycxpOHCXBO, npeÄOXpaHmomee Jio- 
naxKH ox noJiOMKH b cjiynae nonaASHHH MejKAy hhmh HHopoAUbix xeji, 
npH noxepe ynpaBJieHHH (paspymenHe npeAoxpaHHxejibHoro sjieMenxa) 
jionaxKa He AOJix^na noBOpanHBaxbcn noA BOSAeficxBHeM noxoKa BOKpyr 
COÖCXBeHHOH OCH. 

KoHCxpyKUHH paAnajibHbix HanpaBJiniomHX annapaxoB BepxH- 
KaJibHbix paAHajibHO-oceBbix h occbhx rHApoxypÖHH HOpMaJiHSOBaHbi 

[8; 11; 23]. 

§ 73 . OcHOBHbie KOHCxpyKTHBHbie H THApaBJiHMecKEe napaMexpM 

THApaBJiHHecKHe h cHJiOBbie xapaKxepHCXHKH nanpaBJiHiomero an¬ 
napaxa onpeAeJiHioxcH cjieAyioiHHMH napaMexpaMH (pnc. 152): bbicoxoh 
H anpaBJiHiomero annapaxa hjih ee oxHOCHxejibHOH EeJiHHHHOH bJDü 

1/2 10 * 
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ÄnaMexpOM OKpyÄHocTH pacnojioJKeHHH ocefl JionaTOK Dq hjih Dq/Di\ 

'^HCJIOM JionaTOK Zq', JtJlHHOH XOpÄM npOlJlH.TH JIOnaXKH L H ryCTOTOH 
L z L 

pemeTKH -j- = ^; (JiopMOH jionaroK; oxKpbiTneM nanpaBJiniomero an- 

T ' _ / ' 

napaxa üq; oxnocnxejibHbiM SKCuenxpHCHxexoM n = - 

2 (Lj Lg) 

KpyroBan pemexKa hmcot öojibuiyio rycxoxy > l]» noaxoMy 

MOJKHO npeÄnojiojKHXb, ^xo b ÄHanasone paöoqnx oxKpbixnn nanpaB- 
Jienne noxo^a na BbixoAe ns paÄHajibHoro nanpaBJiniomero anna- 

paxa ne saBHCHx ox yrjia naxe- 
KaHHH noxoKa na ero Bxone n 
onpeAejinexcn Bbixo;i.HbiMH yr- 
jiaMH jionaxoK. 

ÜJiH peryjinpoBaHHH pac- 
xofla qepea xypÖHny nsMeHHiox 
nojiOÄCHHe jionaxoK. BejiHqnna 
oxKpbixnn ÖQ saBHCHX ox yrjio- 
Boro nojiOÄCHHH JionaxoK, pas- 
MepoB xypÖHHH (Dq) h qncjia 
JionaxoK (pnc. 152), B npaKxn- 
Ke HCCJieÄOBaHHH THÄpoxypÖHH 
naxoAHx xaKMce npHMeneHHe 
õespasMepHaH BejinqHHa— om~ 
HocumeAbHoe omKpbunue: 



Phc. 152. OcHOBHbie KOHcrpyKTHBHHe napa- 
MCTpu uHJiHHjipHqecKoro HanpaBjiaiomero 
annapaxa. 


Go = 




•0^0 


JxDo 


(417) 


OxHocHxejibHoe oxKpbixne BbipajKaiox b nponenxax ox ero MaKcn- 
MajibHoro 3HaqeHH5i öomaxi Kor;(a jionaxKH naxoÄHxcH b pa;i,KajibHOM 
nojio:H^eHHH: 


Go max 


71D 


BUX 



(418) 


r^e Dbux — ÄnaMexp pacnojiojKenun BbixoÄHbix KpOMOK JionaxKH. 

B BepxHKajibHbix rn/ipoxypÖHHax c paÄHajibHbiM nanpaBJiaio- 
annapaxoM Haxo^Hx npHMeneHHe HopMa.iHSOBaHHbie JionaxKH: 
CHMMexpHHHbie; acHMMexpHHHbie nojiOÄHxejibnofl KpHBHSHbi (Borny- 
xocxb jionaxKH oöpamena b cxopony och xypÖHHbi); acHMMexpHHHbie 
oxpHuaxejibHOH kphbhshbi (pnc, 153), Ha pHc. 154 yKasanbi pasMepbi 
H0pMa„r[H30BaHHbIX JIOnaxOK, npH nOMOIUH KOXOpblX MO>KHO nOCXpOHTb 
JionaxKy nanpaBJiHiomero annapaxa xypÖHHbi (npn saÄannoMDi). B no- 
cjieAHHe TojOM paspaöoxaH hobbih OCT na jionaxKH nanpaBJiHHDinHX 
annapaxoB. 


BejiHHHHa pacxo^a nepes xypönny saBHGHx He xojibko ox oxKpsixHH, 
HO H ox (JxipMbi jionaxoK 17; 8], B BbipajKeHHC jiJia onpe^ejieHHH pac- 
xo^a qepes xypÖHHy (cm. § 38) bxoähx yroji noxoKa, Koxopbifi npHMepno 
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( 

) 


I 


panen yrjiy BbixoAHoro sjieMenxa JionaxKH. üpn o^^hom h xom me ot- 
KpbixHH öo H pasHbix (JiopMax JionaxoK yroji noxoKa na BHXO^e h 3 na- 
npaBJiHiouj.ero annapaxa pasHbiH: anoT < cc nor <C cc^ot (pnc. 153). 



Phc. 153. ripHincHaeMHe 4>0P****** 1^4. HopMajiHSOBafiHbie (J)OpMH aona- 

jionaroK Hanpaejiaiomero annapaxa: xok nanpaBjiniomero annapaxa: 

a — acHMMCTpHqHue jionaTKH oTpHuaTenb- a — CHMMexpn^iHMfl: 6 — acHMMeTpH*iH«fl npo<})HJib 
Hofi KpMBHSHbi; 6— cHMMCTpHqHuc JionaiKH; (pasMepu yKasaHu ajih Ui = lÖÖO mm h Zo = 24). 
fi — acHMMerpH^iecKHe jionaxKH noJioxcHTe- 

JlbHOit KpüBHSHfal. 


HanõojibuiHH pacxoÄ qepes xypÖHHy HMeex Mecxo npH ycxanoBKe acHM- 
MeXpHHHHX JIOnaxOK nOJIOJKHXeJIbHOfl KpHBHSHbl, KOXOpbie (J)OpMHpyK)T 
noxoK nepeA paöoHHM KOJiecoM c naHÖojibiuHMH paAHajibHbiMH cocxaB- 
JI5HOU],HMH aÖCOJIIOXHOH CKOpOCXH (pHC, 155). 



Phc. 155. BjiHHHKe (J)opMbi JionaxKH HanpaBjirnomero annapaxa na 

pacxoÄ qepes xypÖHHy. 

a — saBHCHMOcTb ctnoT ~ f ö — saBHCHMOCTb Qj ~ f (oj; 1 npo^HJifa oTpu- 
uaTejibHoft KpHBHSHbi; 2cHMMerpHqHwfl; 3 — noJioMHTeJifaHofi KpHBHSHbi. 


HapaMexpbi HanpaBJiHromero annapaxa DJD^, Zq HopMajiii- 

soBanbi H BbiÖHpaioxcH b saBHCHMOCXH ox Hanopa h pasMepOB niApo- 
xypÖHHH. ripH yBejiHneHHH h yMCHbmaioxcH cpeAHne cKopocxH 
H noxepH B HanpaBJiHiomeM annapaxe, BbipaBHHBaexcH noxoK na bxoac 

10 7-204 
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B paõo^ee KOJieco h b pesyjibTaxe yBejiHqHBaexca KOJI, rHÄpoTypÖHHbi, 
OÄHaKO HanpHÄeHHH b JionaxKax ne äojukkh npeBbimaTb ÄonycxHMbix 
SHa^eHHfl. 

BbicxpoxoflHocxb xypöHHbi saBHCHx ox Hanopa, na Koxopbifi ona ycxa- 
HOBJiena. C Äpyroö cxopoHbi, öbicxpoxoAHOcxb xypÖHHbi onpcÄeJiBexcB 
ee npuBeÄeHHbiMH BejinTOHaMH. rH;i,paBJiHqecKHe xypÖHHbi Majioft h bh- 
COKOH ÖHCxpoxoÄHOCXH cymecxBeHHo oxJiH'qaK)xcH no CBoefi nponycKHon 
cnocoÖHOcxH, KoxopaB.B qacxHocxH, onpeAejiHexcB bbicoxoh nanpaBJiH- 
lomero annapaxa h ero oxKpbixHeM. MnHHMajibHbie noxepn sneprHH 


B HanpaBJiHiomeM annapaxe h flonycxHMbie nanpBÄeHHH b Jionaxxax 
nojiyqaKDx BbiöopoM onxHMajibHbix SHaqenHH bJD^ h Üq. BbicxpoxoA- 
Hbie xypõHHbi HMeiox öojibuiHe snaqeHKH bJD^ w no cpaBHeHiiio c xh- 



PhC. 156. SaBHCHMOCTb BCJIHqHH 


bf^lDi H Aq OT ÖbicxpoxoÄ- 

HOCTH TypÖHH, 


XOXOflHHMH (pHC. 156). 

SaBHCHMOcxb MejKÄy nponycKHOH cno- 
coÖHocxbK) xypÖHHbi H EapaMexpaMH na- 
npaBJiHiomero annapaxa nojiyqaiox, noÄ- 
cxaBHB B ypaBHeHHe JI. Sfijiepa (;ijib 
cjiyqaa = 0) snaqeHHe MOMenxa 

CKopocxH nepeÄ paöoqHM KOJiecoM, Bbipa- 
MceHHoe qepea napaMexpu noxoxa nocjie 

HanpaBJiBJomero annapaxa {Vur)x= X 

X ctg O^noT- 


co 


Q 

2nbo 


ctg OCnoT* 


Bhbojihhb npeoöpasoBaHHB 


^rg30 


onpeÄCJiHiox 



^0 ^noT^O^rg^ 
DjA]' 


(419) 


TaKHM oöpasoM, nponycKnaB cnocoÖHOcxb xypÖHHbi n UHpKyjinuHB 
na Bxo^e b paöoqee KOJieco saBHCBx ox H, bo, tganor u n{. ZIjih xhxo- 
XOÄHHX xypÖHH npHHHMaK)x bo/Di = 0,08 -^-0,12; HOMHHajibHas? Mom- 
Hocxb xypÕHHbi oöecneqHBaexcH npn oxKpbiXHH = (0,3-^0,5) öomax- 
ÜJin öbicxpoxoAHbix xypÖHH oxHOCHxejibHan Bbicoxa nanpaBJiHiomero 
annapaxa bo/Di = 0,3 -f- 0,5 h pacqexHoe oxKpbixne üq = (0,7 ~ 

~x- 0,8) ÖOmax- 


§ 74. IIoTOK, 4)opMHpyeMi.m HanpaBJiHioiii,HM annapaTOM 

ZlaHHbie HCCJieÄOBaHHH noxoKa b Kanajiax nanpaBJiHiomero anna¬ 
paxa H na BbixoAe ns nero ncnojibsyiox ;ijih onpeÄejiennH cxpyKxypbi 
noxoKa na Bxo^e b paöoqee KOJieco, Koxopan neoöxoAHMa ä-hh npo^n- 
jiHpOBaHHH JionacxH H pacqexa paöoqero KOJieca. KpoMe xoro, xaKHe 
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HCCJieÄOBaHHH HyHCHbi äjih: noJiyqeHHH cyMwapnbix rnApaBJinqecKHX 
xapaKxepncxHK nanpaBJiHiomero annapaxa nan KpyroBon pemexnn 
onpeÄeJiennbix napaMexpos; BbiHBJiennH noxepb sneprnn b HanpaBJiHio¬ 
meM annapaxe n BbiSbiBaiomHX nx npnqnn; onpeÄejiennn chjiobbix xa- 
paKxepncxHK nanpaBJiHKimero annapaxa n pacqexoB na npoqnocxb. 

HccjieÄOBanHH noxona b nanpaBJiHiomeM annapaxe npoBOÄHT, rjiaB- 
HHM oöpasoM, SKcnepHMenxajibno na paajinqnbix ycxanoBKax. CioAa 
oxHOCHx: HccjieÄOBanHH noxona na Bxo^e h BwxoÄe na nanpaBJiHiomero 
annapaxa npn noMomn soh^ob; onpeÄejienne cyMMapnbix xapanxepn- 
cxHK annapaxa npn noMomn rHÄpoÄHHaMnqecKofl pemexKH, ycxanaBJin- 
BaeMOH BMecxo paöoqero KOJieca; ÄpennpoEanne noBepxnocxen Jio- 

p TTöTTT-ii^ i^Txr^oTTPnpuiTd TTptJT^o 7TCJT5 TTpUMCT wp Tinnci^rvp* 

» 1^%.^ i IJAW /^Cl±JvXK^Ä±tM.Jl aiCI wxvy xxu. x 

xensoMexpnqecKHe nsMepennn chji h momchxob, ÄencxByiomHX co cxo- 
poHbi noxoKa na JionaxKH npn pasjinqnbix oxKpbixnnx n Mp- 

rioxoK nocjie nnjinnjipHqecKoro annapaxa (J^opMnpyexcn flocxaxoqno 
rycxoH peinexKOH. üosxoMy npn paccMoxpennn noxona nocjie nanpan- 
jiHiomero annapaxa npnnnMaiox pn^ Äonymennn. llojiaraioT, qxo yroji 
noxoKa na BWXOÄe ns nanpaBJiHiomero annapaxa paBen yrjiy bh- 
xoAHoro sjieMenxa Jionaxnn ao nor = «o . B ÄencxBHxejibnocxn HMeexcH 
oxKJionenne noxona na Bbixofle na nanpaBJiHiomero annapaxa, no no- 
CKOJibKy OHO neöojibuioe, hm npeneöperaiox. Mojxno npeÄnojiomnxb 
xaKJKe, qxo sejiHqnna yrjia ao ne sanncHX ox yrjia na BXOÄe (npn ycjio- 
BHH öesoxpbiBnoro oöxeKannn Jionaxon), a b saaope Menc^y nanpasjiHic- 
mHM annapaxoM n paöoqHM KOJiecoM oxcyxcxByiox noxepn anepran 
(Vur)o = (üuOi- KpoMe xoro, oöbiqno npeneöperaiox nepaBBOMepno- 
cxbK) MOMenxa CKopocxn noxona no Bbicoxe nanpaBJiHiomero annapaxa. 
ripn npHHHXbix ÄonymeHHHX onpe^ejiHiox yrjibi noxona na BXOÄe b pa- 
öoqee KOJieco, BbipaanB hx qepea napaMexpni nanpaBJiHiomero annapaxa 
H noxoKa na BbixoÄe na nero. Ha BbixoÄe na nanpaBJiHiomero annapaxa 
paÄHajibnyK) h oKpyÄnyio cocxaBJiHiomHe aöcojnoxnon CKopocxH onpe- 
ÄejiHiox no 4 )opMyjiaM: 


Ha Bxo/ie b paöoqee KOJieco: 


2ji/'oÖo ’ 


Vu, = ao. 


(420) 


Vu. =" 


Mo 


Q ctg ttp 

2nb^ri 


(421) 


Ha BbipamennH (420) h (421) onpeÄCJiHiox yroji noxoKa na Bxo^e b pa- 
öoqee KOJieco: 


tgai=^ = 


2nribf, 


tgcco, 


( 422 ) 


r^e Fi — njiomaAB noxona na BxoÄe b paöoqee KOJieco. 


10 * 
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npHBeÄeHHbie saBHCHMOCTH nojiyqeHbi b npe/i.nojio>KeHHH nocroBH- 
CTBa CKopocTeft B ce^eHHBx noTOKa na BbixoAe h 3 KanpaBJiaiomero an- 
napaxa h bxoäg b paöoqee Kojieco. B peajibHOM noTOKe cKopocxH h hx 
cocxaBJiBiomHe pacnpeAeJienbi nepaBHOMepHo no Bbicoxe nanpaBJiHio- 
mero annapaxa. HepaBHOMepnocxb napaMexpoB noxoKa na bhxoäg h 3 
nanpaBJiHiomero annapaxa aaBHcnx ox KonxypoB npoxoqnon qacxn xyp- 
ÖHHbi H pcÄHMa ee paöoxbi. lipeflcxaBJiHex nnxepec, npea^^e Bcero, ne- 
paBHOMepnoe pacnpeÄeJienne MepnaHOHajibHOH CKopocxn Vm^ h MOMenxa 
CKopocxH (üur)o no Bbicoxe nanpaBJiHiomero annapaxa. 



I ripn pacnexe paöonnx KOJiec neoöxoÄHMo 3a/i.axbCH xapaKxepoM pac- 

! npeflejieHHH Vm h Vu na Bxoae n na Bbixo^e h 3 paöonero Kojieca (§§ 50, 

56,64). SaBHCHMocxH BH^a (423) onpe/tejuncrr, b ochobhom, aKcnepnMen- 
xajibHbiM HCCjieÄOBaHHeM noxona b Bbiöpannbix ceqennnx npoxoqnon 
qacxn mapoBbiMH 30H/i.aMH. ^cm xypönna öojiee öbicxpoxoÄHa 
• (öojibinne snaqeHHH Öq/Di h Majibie pa^Hycbi noBopoxa noxona), xcm 

I öojibiue Mox^ex 6bixb nepaBHOMepnocxb CKopocxen b noxone na Bbixo;i.e 

H3 nanpaBJiHiomero annapaxa h na Bxo^e b paöoqee KOJieco. KpoMexoro, 
nepaBHOMepnocxb noxona saBncnx ox pencHMa paöoxbi xypönnH. Opn 
MancHMajibHOM oxKpuxHH öbicxpoxoÄHon xypÖHHH, Kor^a JionaxKH 
naxoÄHTCH noqxH b paAnaJibnoM noJiOÄennn, nx BoaÄencxBne na noxoK 
neBejiHKo. B sxom cjiyqae, xapanxep pacnpeÄejiennn cKopocxen na Bbixo^e 
H3 nanpaBjiHioinero annapaxa onpe/i.ejiHexcH, b ochobhom, (JiopMon no- 
jiocxH H pacxoÄOMqepea xypönny. Ha pacqexnoM oxKpmxnn noxoK 6 jih3ok 
K noxeHUHajibHOMy [7; 28]. Opn yMonhiuennn oxKpbixnn momchx cko- 
pocxH noxona yBejinqnBaexcn n Boapocmne uenxpoöejKHbie cnjibi, Bbi- 
3BaHHbie EpamenneM noxona Bonpyr ocn xypönnbi, npnBOÄHx k xoMy,‘qxo 
MepHÄHonajibnaH cKopocxb y nn^Knero oöo^a cxanoBnxcn Menbuien, qeM 
y BxyjiKH paöoqero KOJieca. 

Kan cjieAyex h3 paccMoxpennn Aannbix SKcnepHMenxajibnoro nccjie- 
ÄOBanHH noxoKa npn noMomn mapOBux sohjiob, nepaBHOMepnocxb pac- 
npeÄejieHHH cKopocxen Vm^ n Vu„ b noxone nocjie nanpaBJiHiomero an¬ 
napaxa MO>Kex flocxnraxb 10 -v- 20% (Menbmne anaqenHH onxn- 
MajibHoro pe>KHMa, öÖJibmne — a-^h pejKHMa MaKCHMajibHon Momno- 
cxn), H ee neoöxoAHMO yqnxbiBaxb npn pacqexe paöoqnx KOJiec. 

B coBpeMennbix KoncxpyKunHx AJm yMonnmennn raöapnxoB n Beca 
rnApoxypÖHH ananennn DJD^ npnnnMaiox oöbiqno Dq = 1,14 1,2. 

B pesyjibxaxe na öoJibrnnncTBe oxKpbixnn BbixoAHbie npoMKn jionaxoK 
Li,Hj]HHApHqecKoro nanpaBjiHKDmero annapaxa pacnojiO/Kenbi nenocpeA- 
cxnenno b sõne noBopoxa noxona na paAnajibnoro nanpaBjiennH b ocesoe. 
B 3xnx ycJioBnnx noxoK na BbixoAe na HanpaBjiHK)ii].ero annapaxa ne 
ocxaexcH nJiocKonapajijiejibHbiM, a HMeex Mecxo xan naabiBacMbin ckoc 
nomom. Opn sxom jihhhh xona MepnAnonajibnoro noxona na bbixoac 
h3 HanpaBJiHK)iii.ero annapaxa oöpasyiox neKoxopbin yroA CKOca (p c ro- 
pHsonxaAbHHMH npHMbiMn, npoBeAennbiMH qepea xoqnn nepeceqennn 


296 


AnnnnxoKa c bmxoahoh npoMKon jionaxnn (pnc. 157). Yroji 'p yMenb- 
maexcH ox HHjKnero k BepxncMy KOJibuy nanpaBAHiomero annapaxa. 
PacnpeAeJienne Vm^ = f (bo) n (p = / (Öq) na buxoac na nanpaBJiHio- 
mero annapaxa onpeACJiHiox, aaMepan noxoK aoHAaMn, hah noc.7ie 
nocxpoennn MepnAHonaAbHoro noxona e npnnnxon noAocxn xypönnbi. 

Opn npoiJinAnpoBannn Aonacxn paAnaAbHo-oceBon xypönnbi npn 
noMomn OAnoMopnon xeopnn nepaBHOMepnocxb pacnpeAejiennH cKopo- 
cxen Vm^ H Vu„ B noxoKe mo>kho yqecxb, CACAyn peKOMenAauHHM M. He- 
xAeöa. BbiöpaB KpoMKH Aonacxn n 
npcABapnxaxbHO aaAaB noAoncenne 
BbixoAHon KpoMKH AonaxKH na on- 
xHMaAbHOM oxKpbixnn, onpeAeAHiox 
BbixoAHbie n BXOAHbie yrAbi Aonacxn 
paöoqero KOAeca. Ha BbixoAe na 
paöoqero KOAeca y oöoAa b xoqne 
(pnc. 157) aaAaiox noAon^nxeAbnyio 
aanpyxKy {Vur) 2 , Koxopan corAacno 
onbixHbiM AaHHbiM cocxaBAHex ox 5 ao 
20% bxoahoh BeAnqnnbi (t>«r)i. 
y öbicxpoxoAHbix paöoqnx koacc 
aanpyxKa öoAbme, qeM y xhxoxoa- 
Hbix. Ho npnnnxoMy anaqennK) (Vur)^ 

B xoqne b 2 onpeACAHiox BeAnqnny p^c. 157 . Ckoc noxoKa m BuxoÄe 
(c;t^r)i na xoH jKeAnnnnxoKa. ripnnn- h3 paAHajibHoro nanpaBjiKiomero 
Man noxoK b aaaope MeneAy paöoqnM annapaxa. 

KOAecoM n nanpaBAHiomnM anna- 

paxoM nepaöoqnM, x. e. noAaraa {Vur)o = {Vur)ii onpeAeAHiox oKpyn<- 
nyio cocxaBAHiomyio Vu, Ä«na paccMaxpnBaeMon ahhhh xona na BbixoAe 
na nanpaBAHiomero annapaxa: 



' 0 


(424) 


— paAnyc pacnoAon^enna bhxoahoh kpomkh Aonaxnn npn on- 
XHMaAbHOM oxKpbixnn. 

Be.xnqnHOH a^om npeABapnxeAbno aaAaioxca, yqnxbiBaa Aannbie 
oxACAbHbix Hcnbixannn xypönn ÖAnaKon öbicxpoxoAHOCxn; b xoAe pac- 
qexa ee yxoqnaiox nyxeM nocAeAOBaxeAbHbix npHÖAnjKennn. Snanenne 
Vm, B paccMaxpHBaeMOH xoqne xanjKe naBecxno, qxo noaBOAaex Bbinnc- 
AHxb BbixoAHOH yroA AonaxKn: 


tgao = 


■m i 

—2 -= const. 


(425) 


ConocxaBAHiox BbiqncAenHbin yroAao c ero npHHaxon BeAnannon npn 
doom- B CAyqae cymecxBennoro oxAnqna yrAOB aaAaiox noBoe noAo>Ke- 
nne BbixoAnon KpoMKH AonaxKn n noBXopniox pacqex ao coBnaAennn 
npnnaxoH n pacqexnon BeAirnnn ao. HoAyqennaa BeAnnnma yrAa ao 
npHHHMaexcH nocxoHnnon no Bbicoxe nanpaBAHiomero annapaxa, 
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nocKcwifaKy jionaxKa HeaaKpyqeHHaH. Ho HseecTHbiM BejiHHHHaM ao h üm„ 
naxoÄJiT SHaqeHHe Vu^ jxJisi Bcex jihhhh Tona, nojibsyncb saBHCHMocTbio 

(425). SaxeM bh^hc/ihiot BejiHqHHbi = üq ^ ; Vu^, Pi h Pa bäojib 

BXQHHOH H BMXQHHOH KpoMOK JIOnaCTH. TaKHM OÖpaSOM, npH npHHBTblX 
ycjioBHBX B noTOKe Ha Bbixojte hs HanpaBJiaiomero annapaxa napaMexpbi 
noxoKa Ha bxoäc h BbixoAe hs paöoqero KOJieca yBHsaHbi. B qacxHO 
CXH, MOJKHO Saj^aXbCH HOpMajIbHUM BblXQHOM H3 paÖOHerO KOJieca 
y BxyjiKH (qxo oöbiqno HMeex Mecxo na onxHMajibHOM peJKHMe) h b 
npoiiecce anajiorHqHbix BbiqHCJienHH nojiyqnxb HeoöxoAHMbie BejiHHHHbi 
zjy H p ÄJiH Bcex pacqexHbix jihhhh xoKa na bxoäc h BbixoÄC hs pa 6 o- 
qero KOJieca (tohkh Ci h c^, ux h ua h x. ä-)- npH sxom y HHJKHero 
oöo^a Ha Bbixo^e hs paõoqero KOJieca nojiyqaexca Heöojibuiaa nojio- 
HiHxejibHaH saKpyxKa. 


§ 75. IloTepH 3 HeprHH b peahojibhom 
H anpaBjiHioii^eM annapaxe 


ripH Bbiöope ocHOBHbix HapaMCxpOB HanpaBjiHiomero annapaxa h hc- 
cjiCÄOBaHHH BJiHHHHH (JxipMbi jionaxKH HS HOKasaxejiH XypÖHH CJie- 
Äyex, xoxH 6 bi npHÖJiHÄeHHO, oiieHHXb BejinqHHy noxepb sneprHH b hcm. 
PacqexHoe onpcÄCJieHHe npcxJiHJibHHX noxepb sneprHH b KpyroBoö 
pemexKe paAHajibHoro annapaxa moäho BbinojiHHXb npn noMoiiiH 
MexoÄHKH [20], HSJioHceHHOH b§ 52. B HacxoHuiee BpeMH hoxokh b nanpaB- 
jiHiomHX annapaxax Hccjie^yiox, rJiaBHbiM oöpasoM, npn homoihh cne- 
UHajibHo nocxaBJieHHbix sKcnepHMCHxoB. ZIjih KaqecxBeHHOH oneHKH 
noxepb sneprHH b nanpaBJiaiomeM annapaxe mojkho BOcnojibsoBaxbcn 
pacqexHbiMH saBHCHMocxHMH, nojiyqeHHbiMH nyxcM saMCHbi Kpyro- 
BOH pemexKH npHMOH pemexKOÖ hs njiacxHH [7; 28]. Ha ocHOBaHHH 
pacnexHbix HccneflOBaHHH npHMoii pemexKH hs njiacxHH nojiyqena npn- 
ÖJiHHceHHan (|)OpMyjia hjih onpejiejieHHH oxHOCHxejibHbix noxepb snep- 
XHH B HanpaBJiHiomeM annapaxe; 


Ch. a. = 


h. 


H. a. 

ir 


■ 1 — Q 


Lji 




{QiY 


sin^P 


ycT 


(426) 


rne Cjc — K034)4>™,HeHX conpoxHBJienHH JionaxKH; Pycx — yroji ycia- 
HOBKH JionaxKH, onpe^cjuieMbiH oxKpbixHeivi HanpaB.riHK)ii],ero annapaxa; 
L/7 =1,1 —rycxoxa pemexKH UHjiHHjipHqecKoro annapaxa. Hs pac- 
CMOxpeHHH saBHCHMOCxH (426) cjienyex, nxo b HanpaB.r]5noii],eM annapaxe 
noxepH sHeprHH saBHcnx ox reoMexpnqecKHx cooxHomeHHH DJD-^ 
H rycxoxbi pemexKH LIt, ^^opMbi JionaxKii (C^) h pen^HMa paöoxbi 

xypÖHHbi (PycT H Qi). yMeHbineHHH noxepb nejiecooöpasHO yne.xH- 
HHXb sHaqeHHH DJDx, ^ npHMeHHXb JionaxKH, (])opMa Koxopbix co- 

rjiacoBana c hoxokom, (JiopMHpyeMbiM cnnpajibHon KaMepofi. SaBHCHMOcxb 
noxepb ox oxKpbixHH cjiojKHan: npn yBejinqeHHH üq pacxex yroji ycxa- 
HOBKH jionaxoK PycT, npH sxoM noxepH cnaqajia yMenbiuaioxcH, saxeM 
HaHHHaiox pacxH (pHC. 158). OoxepH SHepran hmciox MHHHMajibnyio 


i 


I 


BeJIHHHHy npH öoonr H yBeJIHHHBaiOXCH KaK npH SaKpbIXHH, XaK H npH 
oxKpbixHH HanpaBJiHiomero annapaxa. lloxepH sneprHH b HanpaBJinio- 
mcM annapaxe xhxoxoähoh xypÖHHbi b necKOJibKO pas öojibuie, qeM 
B ÕblCXpOXOÄHOH, qxo OÖbHCHHeXCH SHaqHXeJIbHO ÖOJIblUHMH CKOpOCXHMH 



Phc. 158. noxepH SHepxHH b HanpaejiHiomeM annapaxe: 

a — HSMeHeHne oTHOCHTeJibUfaix noxepb; 6 — BejiH*iHHa oxHocHxejifaHbix noxepb; 
/ — öbJCTpoxoflHaH; 2 — THXOXOÄHan TypÖHHa. 


Cy 

2 

i 

0 

-1 


noxoKa B HanpaBJiHiomeM annapaxe, Bbicoxa Koxoporo b 5 -r- 6 pas 
MeHbme no cpaBHeHHio c nanpaBJiniomHM annapaxoM öucxpoxoÄHon 
xypÖHHbi (äJih 6ucxpoxoÄHOH xypÖHHH bJDx < 0,4; ä^h xhxoxoähoh 
bJD^ < 0,1). Ecjih b öbicxpoxoAHOH oceBOH xypöHHe npn oxKpbixHHX, 
COOXBCXCXByiOmHX nOJIOBHHe HOMHHajIbHOH 
moihhocxh h öÖJibmHX, noxepH B HanpaBJiHio¬ 
meM annapaxe cocxaBJiHiox äojih nponenxa, 

XO B XHXOXOflHOH pajIHaJIbHO-OCeBOH XypÖHHe 
OHH cocxaBjiHioj 3-f- 5%. CneAOBaxejibHo, co- 
BepmeHcxBOBaHHK) nanpaBjiniomHX annapaxoB 
BbicoKOHanopHbix paÄHajibHo-oceBbix rH^po- 
xypõHH cjie/tycx y^cjiHXb ocoöoe BHHMaHHe. 

Bojibmoe BJiHHHHe na BejmqHHy noxepb b 
H anpaBJiHiomcM annapaxe onasbiBaex ^^opMa _2 
jionaxKH. IJoARpu acHMMexpnqHbix npo^iHJieft, 

X. e. SaBHCHMOCXH Cy = f {Cx) (pHC. 159), -J 
CMemcHbi Bnojib och opuHHax; nosxoMy mhhh- 
Ma.xbHoe sHaqeHiie Cx HMeex Mecxo npn hcko- 
xopoH BejiHHHHe Cy (sa nojiOÄHxejibHoe na- 
npaBjieHHenoÄ'beMHOH cHJibi na jionaxKe npn- 
HHMaiox CHJiy, HanpaBjieHHyio k och xypÖHHbi). 

CpaBHCHHe pasJiHHHbix JionaxoK BbinojiHCHO 
npH OÄHHaKOBOH cnHpajibHOH KaMepe h paB- 

Hbix sHaqeHHHx Cy [28]. Hs pHC. 159 cjienyex, qxo npn öojibmHX nojiomH- 
xe.nbHbix SHaqeHHHX Cy h Majibix oxKpbiXHHX annapaxa MHHHMajibHOH 
BCJiHqHHOH oöjianaex acHMMexpnqHbiH npo^iHJib oxpHuaxeJibHOH KpH- 
BHSHbl 3. B SXHX yCJIOBHHX npOlJlHJIb nOJIOÄHXeJlbHOH KpHBHSHbl 1 HMCeX 
öojibmoe sHaqeHHeCj;. xecHbix cnnpajibHbix KaMep h öojibmnx ox¬ 
KpbixHH HanpaBjiHiomero annapaxa Kos44)Hii.HeHx Cy oxpnnaxejieH, 
a npo(|)HJib nojiojKHxejibHOH KpHBHSHbi HMeex HaHMeHbmee snaqeHHe 
C*^. Hjih cnHoajibHbix KaMep rniipoxvpÖHH 6 = 25 -f- 45°; b cbhshc sxhm 




> 

J:: 













05 0.1 

37 0, 

39 0.1 

1 Cy 
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Phc. 159. nojinpH Cx = 

= / (C ) HOpMaJlHSOBaHHbIX 
y 

jionaxoK; 

J — npo(J)HJifa noJioÄHTeJifaHofl 

KpHBH3Hbi; 2 — CHMMeTpH»IHblfi; 
3 — OTpHuaxeJIbHOfl KpHBHSHbl. 
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peuiaiomHM ^aKTopoM, bjihhjoiuhm na oöTeKaHne jionaTOK h noTepH 
SHeprHH B HanpaBJiHioiueM annapaxe, BBJiaercH ÄHanasoH ero oTKpbixHfi. 
Ha ocHOBaHHH BbiiueHSJioiKeHHbix paccyjKAeHHH moäho o6ocHOBaxb 
Bbiöop H npHMeneHHe JionaxoK äJib xypÖHH pasjiHMHofi öbicxpoxoÄHOCXH. 

OceBbie 6blCXpOXOÄHbI6 XypÖHHbl {H < 40 m) HM0K)X HCnOJIHblH 
yroji oxBaxa cnnpajibHOH KSMepbi h paöoxaiox npH öojibuinx oxKpbixHHX. 

oöecneqcHHH MHHHMajibHbix noxepb b xoh qacxH nanpaBjiHiomero 
annapaxa, Koxopaa oöxeKaexcH noxoKOM h 3 cimpajibHoro xaHajia Ka- 
Mepbi, jKejiaxejibHO npHMeneHHe jionaxoK nojiOÄHxejibHofi KpHBHSHbi. 

B oTKpbixoH qacxH KaMepbi, hoxok öjihsok k paÄHajibHOMy, jionaxKH 

HMPTDT MeHblHHe SHaHeHHH Cx H HOSXOMy HpH- 

wiTiia^cLi j-»Aa.vxi --- - 

MeneHHe xhkhx jionaxoK npeAnoHXHxejibHee. HocKOJibKy ycxanoBKa 
B oähom h xom jKe HanpaBJiHiomeM annapaxe jionaxoK pasjiHqnoH 
4x)pMbi nenejiecooöpasna, b öbicxpoxoÄHbix oceBbix BepxHKajibHbix xyp- 
ÕHHax npHMenniox cHMMexpnnnbie npo(|)HJiH, Koxopbie no cbohm rn/tpsB- 
jinnecKHM noKasaxejiHM nesnaqHxejibno ycxynaiox acHMMexpHHHbiM Jio- 

naxKaM. „ 

PaÄHajibHo-oceBbie xypönnbi cpe/tnefi h bhcokoh obicxpoxo/i.HOCxH 
(// = 45 -i- 170 m) h BbicoKonanopHbie oceBbie xypÖHHbi (// = 40-v- 
80 m) HMeiox cHHpajibHbie KaMepbi c yrjioM oxBaxa (p < 345° h pa6o- 
xaiox npH ÄOCxaxoHHo öojibiuHX oxKpbixHHX nanpaBJiHiomero annapaxa. 
PasMepbi cnHpajibHbix KaMep xaKHX xypönn Moryx 6uxb orpannnen- 
HbiMH B njiane. B axnx ycjioBHHX uejiecooöpasno npHMeneHHe jionaxoK 
nOJIOÄHXeJIbHOH KpHBHSHbl, HMCIOIHHX MHHHMaJIbHbie SHaHeHHH Cx 
H yMeHbuiaHDmHX sanpyxKy noxona nepe;i paöoHHM KOJiecoM. 

PaAHajibHO-oceBbie xnxoxoÄHbie xypÖHHbi {H = 230 700 m) pa- 

6oxaiox npH Majibix oxKpbixHnx nanpaBJiHiomero annapaxa. B saBHCH- 
MocxH ox napaMexpoB cnnpajibnoH KaMepbi h xnna paöonero KOJieca on- 
XHMaJIbHOH MOHCeX ÖblXb aCHMMexpHHHaH JIOnaXKa nOJ 10 H<HXeJIbHOH HJIH 
oxpHuaxejibHOH kphbhshh. OpH oöniHpnoH cnHpajibHOH KaMepe h Ma- 
jiux oxKpHXHHX npeHMyiuecxBO na cxopone JionaxKH oxpHuaxejibHOH 
KpHBHSHbl, Koxopan HMeex xaKme JiynuiHe cHJioBbie xapaKxepHCXHKH. 
HanpaBjiHiomHH annapax c jionaxKaMH oxpnuaxejibHOH KpHBHSHbi yne- 
jiHHHBaex uHpKyjiHUHK) noxoKa nepeÄ paöoHHM KOJiecoM äo pacnexnoH 
BeJIHHHHbl. 

§ 76. KoHH^ecKHH H oceBOH HanpaBJiflioiii;He annapaTBi 

KaK noKasajiH onbixnbie HccJieÄOBanHH, BepxHKajibHbie mApoxyp- 
6HHbi HMeiox onpeÄeJienHHH rpaflHenx MOMenxa CKopocxH na Bxo;ie h bh- 
xoÄe H3 paöonero KOJieca, nxo HBJinexcn pesyjibxaxoM nepaBHOMepnocxH 
CKopocxeH na BbixoAe H3 paÄHaJibnoro annapaxa c neaaKpynenHbiMH 
jionaxKaMH. Hoxok, (JxDpMHpyeMbiö paÄHaJibHbiM nanpaBJiniomHM anna- 
paxoM, ne HBjiHexcn noxennHajibnbiM, xaK KaK na BbixOÄe H3 nero 
MOMenx cKopocxH noxoKa MennexcH no Bbicoxe. HepaBHOMepnocxb pae 
npe/i.eJieHH5i cKopocxen b noxoKe Bbi3biBaex yBejiHnenne noxepb snepxHH 
B HanpaBJiHiomeM annapaxe, paöoneM KOJiece h oeoöenno oxcacbiBaio- 
men xpyöe, r^e snepxHH Epamaiomerocn noxoKa npaKXHnecKH ne 


BoccxanaBJiHBaexcH. HoxepH sneprHH b oxcacbiBaiomeH xpyöe, BbiSBan- 
Hbie BpameHHeM noxoKa, snaHHxejibno Bospacxaiox na pencHMax c oojib- 
lUHMH npHBCÄeHHblMH pacXOÄaMH. OieÄOBaxeJIbHO, OÄHHM H3 p^epBOB 
ÄaJibneHUiero noBumenHH aneprexHnecKHX KanecxB rHApoxypöHH hb- 
jinexcH yMenbmeHHe HHCJia noBopoxoB noxoKa b npoxonnoH nacxH 

rHÄPOTypÖHHU. 

B npaKXHKe rHÄpoxypöocxpoenHH npHMenniox cjie^yioinHe xHnb 
rHÄpoxypÖHH c pasHbiMH xHnaMH HanpaBjiHioiii.Hx annapaxoB: BepxH- 
KaJibHbie rHÄpoxypÖHHbi c paÄHajibHbiM nanpaBJiniomHM annapaxoM 
H oceBbiM, paÄHaJibHo-oceBbiM HJIH ÄHaronajib- 
HbiM paöoHHM KOJiecoM; BepxHKajibnan XHÄpo- 
xypÖHHa c KonnnecKHM nanpaBJimomHM annapa- 
XOM H ÄHaronajibHbiM paöoHHM kojiocom; 
ropHSOHxajibnan Kancyjibnan rHÄpoTypönna c 
KOHHHecKHM annapaxoM’, ropHSOHxajibnaa npn- 
Moxonnan xypönna c occbhm nanpaBJiHiomHM 
annapaxoM. JXjih xoro nxoöbi noxepn b ^npoxon- 
HOH qacxH H oeoöenno b oxcacbiBaHDineH xpyöe 
rHÄpOXypÖHHbl ÖblJIH MHHHMaJIbHbl, HOXOK K pa- 
öoneMy KOJiecy cjieAyex noABOÄHXb c nocxoHnnofi 
UHpKyjIHUHefi H MHHHMaJIbHOH HepaBHOMOpHOj 
CXbK) paCXOÄHOH COCXaBJIHIOmeH aÖCOJIIOXHOH 
CKopocxH. TaKOH noxoK BecbMa 6 jih3ok K noxen- 
ilHajibHOMy. Hhäc paccMoxpen xapaKxepnoxoKa, 

4)opMHpyeMbiH nanpaBJiHiomHM annapaxoM, Jio¬ 
naxKH Koxoporo pacnoJiojKenbi noji; yrjioM 6 k 
OCH xypÖHHH [281. B o 6 meM cjiynae snaqenHH 

MOMenxa cKopocxn noxoKa äjih KpaftnHX xoneK >4 h B bhxoähoh kpomkh 
■ jionaxKH annapaxa (pnc. 160) saBHCHx ox reoMexpHH nanpaBJiHiomero 
annapaxa h 4^opMbi jionaxKH: 

(Vuf)A — ^A^triA <^^>1 (427) 

{Vur)B = ttfi,) 

r^e avi H «B — yrjibi BbixoÄa noxoKa b xohkbx AylB. n _ /, \ 
oöecneneHHH paBencxBa momchxob cKOpocxH {Vur)A — 

B KpaHHHX xoHKax BHXOÄHOH KpoMKH HeoOxoÄHMO BbinoJiHeHHe ycJio- 

BHH 

Ctg 



Phc. 160. reoMCxpH- 
qecKHe napaMexpbi ko- 
HHHCCKOrO HanpaBJI5HO- 
mero annapaxa. 


ctg a 


•B 


r 

^B ^B 
^A ^tUA 


^A 


(428) 


CxpvKxypa noxoKa, K034)(l)HnHeHx k nepaBHOMepnocxH MepHÄHO- 
najibHOH CKopocxH na BbixoAe h 3 nanpaBJiHiomero annapaxa sbbhchx 
OT ero xHna h pe>KHMa paöoxbi xypönnbi. ^ _ 

Pa/^najibHbiH nanpaBJiHiomHH annapax 

B 3XOM cjiynae Ebipan^enHe (428) npHHHMaex bhä 

= (429) 


ctga. 
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BeJIHqHHa K03(J)4)HUHeHTa k aaBHCHT OT ÖblCXpOXOÄHOCTH TypÕHHbl 
H pejKHMa ee paöoxbi. äjih BepxHKajibHOH öucxpoxoÄHofi occboh xyp- 
ÖHHbi Ä < 3 [28]. Hxoöbi noxoK na buxoäc h3 paAnajibHoro Ha- 
npaBJiflioiuero annapaxa 6bui noxeHUHajibHbiM, x. e. BHnojiHHjiocfa yc- 
^OBHe {Vur)o = f (Öq) = const, neoöxoÄHMo npHMeHHXb saKpyqeHHbie 
^onaxKH c yrjioM nepeKpyxKH Aa = — ua . OÄHaKOxaKan KOHcxpyK- 
UHfl xexHOJiornqecKH öojiee cjiojKHaa h ne nojiyqnjia npHMeHeHHa. 

OceBOH HanpaBJiBiomHH annapax (6 = 90®; 
re > rA', üb^Va). Hoxok npaKxnqecKH paBHocKopocxHofi (npaMoxoq- 
Han cxeMa: oxcyxcxByex cnnpajibHaa KaMepa, npHMoocHan oxcacbiBaK)- 
maa xpyöa). B sxom cyiyqae 


ctg^^ 

ctg 


(430) 


Mxoöbi noxoK Ha BbixoÄe h 3 oceBoro nanpaBJiHiomero annapaxa hmcji 
nocxoHHHyio BejinqnHy (t>„r)o Bj^ojib pa^ayca, ero jionaxKH äoji^khu 
Õ bixb saKpyqeHHbiMH. CxeneHb nepeKpyxxn jionaxKH saBHCHX ox coot- 
HomeHHH pa^HycoB n 

KoHHqecKHH HanpaBjiHFomHH annapax (/•yi=75: 
^ k ^ 1). Oo Mepe yBejinqeHHH yrjia 0 pacxex oxHomeHne rs/rA, ho 




Ph^. 161. KoHH'iecKHÖ HanpaBjiHKDiuHH annapax c jionaxKaMH pa3.-iH-qHOH (J)opMbi: 

a — HesaKpy'ieHHa}i; 6 — 3aKp>TieHHaH jionaTKa. 


OÄHOBpeMeHHO, ÖJiaro/iapH yMeHbmenHK) HepaBHOMepnocTH Mepn/lHO- 
najibHoro noxoKa, yMeHbuiaexcH K 0 , 3 (J)(|)HUHeHx k. B KOHHqecKOM na- 
npaBJunomeM annapaxe KancyjibHofi xypÖHHbi (0 = 60 °) MepK^Ho- 
HajibHbiH noxoK HMeex Majiyio HepaBHOMepnocxb CKopocxefl, ho jxJia 
oöecneqcHHH nocxoHHcxBa MOMenxa cKopocxn noxoKa yroji JionaxKH 
ÄOJiJKeH 6 bixb nepeMCHHbiM no Bbicoxe HanpaBJiniomero annapaxa (pnc. 
161 ). Mcm öojibuie saKpyqeHbi JionaxKH, xeivi cjio>KHee oöecneqHXb noji- 
Hoe saKpbixHe Hanpanjiniomero annapaxa. B cbhsh c sxhm npn npoexxH- 
poBaHHH jioiiaxoK KOHnqecKoro n oceBoro HanpaBJiHKDUiHx annapaxoB 
c.fieÄyex oöecneqnxb MHHHMajibHyio nepenpyxKy JionaxoK, xax KaK npn 
9 XOM jierqe oöecneqnxb nojiHoe saxpbixHe HanpaBJinioiuero annapaxa. 
rionbixKH npHMeHHXb B occBOM HanpaBJiHioiAeM annapaxe HeaaKpyqen- 
Hbie jionaxKH c nejibio ynpon].eHHH hx HsroxoBJieHHH h oöecneqeHHH 


sanHpaHHH HanpaB.nHK)uiero annapaxa oxasajiHCb HeyflaqHbiMH. Kan 
noKasajiH sKcnepHMenxajibHbie HccjieÄOBaHHH MOÄeJiH xypÖHHbi c He- 
saKpyqeHHbiMH jionaxKaMH, KTiJX xypÖHHbi pesKO cHHJxaJiCH (na 5-v- 
-f- 6%). npHqHHa najieHHH KUJX xypÖHHH saKJiioqajiacb b HenocxoHH- 
cxBe SHeprHH noxona na Bbixo/ie h 3 HanpaBjiHiou].ero annapaxa. Oepe- 
pacnpe/ieJieHHe sneprHH b noxoKe sa HanpaBJiHK)iii.HM annapaxoM 
H B paöoqeM KOJiece BbisuBaex cymecxBeHHoe BospacxaHHe noxepb. 

HecMoxpH Ha neKoxopbie xexHOJiornqecKHe h KOHcxpyKXHBHHe xpyÄ- 
HOCXH, B QceBbix HanpaBjiHiomHX annapaxax ixejiecooöpasHO npHMCHHXb 
saKpyqeHHbie jionaxKH. JXjih xoro qxoöbi xaKofi nanpaBJiHiomHH anna¬ 
pax njioxHo sanHpajicH, (JiopMa JionaxKH, cnpoeKXHpoBaHHon h 3 ycjio- 
BHH nocxoHHCxBa MOMeHxa CKopocxH Ha buxoäc h 3 HanpaBJiHtomero 
annapaxa, AOJiÄHa öbixb HSMenena xaKHM oöpaaoM, qxoöbi npn saKpbi- 
xoM HanpaBjiHiomeM annapaxe jionaxKH conpHKacajiHCb MejKÄy coõofl 
BÄOJIb JIHHHH KpOMOK. OpH HSMeHeHHH 4 >OpMbI JIOnaXKH npHHHMaiOX RO- 
nymeHHe o xom, qxo BOSÄeficxBHe pemexKH na noxoK ne HSMeHHXcn, ecjiH 
ee npO(])HJib saMeHHXb ÄpyrnM npoiJiHJieM c xaKHMH TKe bxoähhmh h bm- 
XOAHblMH KpOMKaMH H pacnpe^eJieHHeM XOJIUlHHbl BAOJIb npO(J)HJIH, HO 
c HecKOJibKO oxJiHqHHM yrJioM ycxanoBKH h kphbhshoh. 

§ 77. K Bonpocy o npo^JHJinpoBaHHH jionaTKH 

PaapaöoxaHHbie k HacxonmeMy BpeMeHH (|)opMbi JionaxoK paAHajib- 
Hbix HanpaBJiHiomHx annapaxoB (oxpacjieBan HopMajib J1M3) HopMa- 
jiHsoBaHbi B saBHCHMOcxH OX xHHa xypÖHHbi H napaMcxpoB noxoKa, 4)op- 
MHpyeMoro cnnpajibHOH KaMepoft. JXjih KOHHqecKHX h oceBbix nanpaB- 
jiHKDuiHx annapaxoB HopMajiHsoBaHHbie jionaxKH eme ne paspaöoxaHbi. 

OopMy jionaxKH HanpaBJiHiomero annapaxa Jiioöoro xHna moäho 
onpe^ejiHXb nyxeM pemeHHH oöpaxHofi saAaqH pemexoK npoiJiHJieH Ha 
sa/iaHHbie rpannqHbie ycjiOBHH noxoKa. Jlpyrofi nyxb saKJHoqaexcH 
B nocxpoeHHH cKejiexa JionaxKH no Hafl/ieHHbiM yrJiaM noxoKa na Bxoae 
H BbixoAe H3 HanpaBJiHiomero annapaxa na ero pacqexHOM oxKpbixHH. 
CymHOcxb pacqexa npHMbix pemexoK npocJiHJieö HSJio^Kena b § 54, 60. 
B saBHCHMocxH OT XHna HanpaBJiHiomero annapaxa noBepxHOcxH xoKa, 
Ha Koxopbix npoBOÄHx pacqex pemexoK, HMeiox pasJiHqnyio (])opMy. FIpu 
pacqexe paÄHajibHoro HanpaBJiHioiii,ero annapaxa npe/inojiaraiox, qxo 
noBepxHOCTH xoKa b nanpaBJiHiomeM annapaxe — njiocKOCxH, nep- 
neHÄHKyjiapHbie k och xypÖHHbi. B sxom cjiyqae npo(|)HJiHpoBaHHe Jio- 
naxoK cboähxch k pacqexy KpyroBbix pemexoK. B KOHnqecKOM nanpan- 
jiHiomeM annapaxe noBepxHocxn xoKa moh^ho saMeHHXb KOHHqecKHMH 
noBepxHocxHMH. PasBepHyxyio na hjiockocxh KOHHqecKyio pemexKy 
iiocxpaHBaioT äo noJiHofi KpyroBOH pemexKH h BbinoJiHHiox pacqex hs- 
BecxHbiMH MexojiaMH [5; 7; 28]. 

npH pacqexe KpyroBbix pemexoK npoiJiHjieH Hcnojibsyiox KOH^opM- 
Hoe npeoöpaaoBaHHe noxoKa b OKpecxHOcxH KpyroBoft pemexKH b ho- 
xoK npHMOH pemexKH b hjiockocxh Zk, Hcnojibsyn npH stom onpeÄeJien- 
Hbie oxo6pa>KaiomHe4)yHKij.HH. Opn npHHHXbix jionymeHHHX neBOSMy- 
meHHbiH noxoK B njiocKOCXH npHMOH pemexKH HBJinexcH njiocKonapaji- 
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jiejibHbiM, qxo nosBOJiHex npuMeHHXb HSBecxHbie Mexc^bi pac^iexa npa- 
Mbix peuiexoK b cjioe nocxoaHHOö xojimHHbi, nanpHMep mcxoä ocoöeH- 
Hocxeft. pacqexa oceBoro HanpaBJiaiomero annapaxa Hcnojibsyiox 
UHjiHHÄpHqecKHe noBepxHOcxH xoKa, coocHbie c ocbio xypÕHHbi. Pas- 
BOpaqHBaa na bjiockocxh UHjiHHÄpHqecKHe ceqeHHH, nojiyqaiox npHMbie 
pemexKH npo(|)HjieH, pacqex Koxopbix noMemen b § 54, 60. 

Pacqex oceeoro nanpaBjiaiomero annapaxa BbinojiHHiox npn cjie;iyio- 
mnx rpaHHqnbix ycjiOBnax na Exc^e h na BbixoÄe na HanpaBJi5Houi.ero 
annapaxa: oceBaa CKopocxb noxoxa nocxoBHna Vz = const; Bexxop cko- 
pocxH Vq coBnaÄaex c BeKxopoM na bxoäc b paöoqee Kojieco; momchx 
CK opocxH noxoKa Bm^ib paüHvca nocxoänen (Vur)^ = f {r^) = const. 

Pacqex pemexoK npoBo^ax b 
noxeHn,HajibHOM aöcojiioxHOM 
noxoKe (pHc. 162). CKopocxb 
neBosMymeHHoro noxoKa,o6xe- 

Kaiomero pemexKy, Voo = - 

HanpaBjiflioiuHH annapax ox- 
KjioHflex noxoK, cosÄaBaa pac- 
qexnyio n,HpKyji5in,HK) na Bxo;ie 
B paöoqee KOJieco (cm. ypas- 
HCHHe (326)) 

+^/2 

Phc. 162. Pac^cTHaH cxcMa occBoro nanpaB- Tj = VuJ^ = \ J (&) d G. 
jiHiomero annapara. _//2 



SaKOH pacnpe;iejieHHH BHxpeö bäojib CKejiexa jionaxKH npnniiMaiox 
corjiacHo (341): 

tio) = A„ + a,vt^, 

rjie K03(}xJ)Hn,HeHXbi Aq h pa^a CBHsaHbi MexcÄycoöoH saBncHMocxbio 
(332). 

npH 3a;iaHHH K03(J)c[)HnHeHX0B pfl;xa mo>kho BocnojibaoBaxbca cjie- 
ÄyK)m.HMH peKOMeH;],an,HaMH: nepH(})epHHHoro ceqenHa jionaxxn 

l J 

^ = 0; Y = 1,2 -r- 1,3; ÄJia KopneBoro ceqenna C = 0,3; j- = 

= 1,16 -f- 1,8. ^HCJio JionaxoK npHHHMaiox Zq = 16; 20; 24 b aaBH- 
CHMOCXH ox paaMepoB xypÖHHbi. Pacqex pemexoK nanpaBjiaiomero anna¬ 
paxa Bbinojinaiox naxoxme pemnM (Qf , n'i), qxo n paöoqeeKOJieco. Opn 
pacqexe pemexoK öecKoneqno xohkhx npo(})HJieH nepexoÄ k npo(J)Hjno 
KoneqnoH xojmi.HHbi ocymecxBjiaiox nepacqexHbiM nyxeM. Saj^aBuiHCb 
MaKCHMajibHOH xojim.HHOH npo(})Hjifl H aaKOHOM pacnpeÄejienna xo^nmuKbi, 
«oaeBaiox» cKejiex npo4)HJia, x. e. cxpoax npo(})Hjib KoneqHoö xojimnnbi. 

npo4)HJiHpoBaHHe JionaxKH npn noMomn o^HOMepKofi xeopnn aaKJiio- 
qaexca b nocxpoenHn cxejiexa jionaxKH no BbiqncjienHbiM yrjiaM noxoxa 
na BbixoÄe na nanpaBjiaiomero annapaxa oCq h na Bxo^e b nero 6 (pnc. 
163). Pacqex BbinoJinaiox na aaÄanHbie anaqeHHa nnpKyjiauHH na bxoäc 
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b paöoqee KOJieco n pacxo^a qepea xypönny npn pacqexnoM oxKpbixnn. 
Hcnojibaya ÄOnymeHne (t^uOo—(ü«r)i, npn noMomn aaBHCHMOCxen (420), 
(421), onpeÄoaaiox cocxaBjiflKDmHe aöcojnoxnofi CKOpocxn na bbixoäo na 
nanpaBjifliomero annapaxa. Oo- 
jiyqeHHbiH pacqexoM yroji noxoxa 
npHHHMaiox paBHbiM yrjiy bhxoä- 
Horo sjieMenxa JionaxKH («o = 

= ctojion)- yroji noxoKa na bxoäo 
B HanpaBjifliomHH annapax HaBe- 
cxen H3 pacqexa cnnpajibHofi xa- 
Mepbi H cxaxopa. Oo naBecxHbiM 
ynnaM noxoxa Ha bxoäc h bbixo- 
Äe H3 HanpaBjiHiomero annapaxa 
cxpoHX cxejiex npo(|)HJiH jionaxKH, 

KoxopbiH aaxeM «OÄCBaiox» npo(}>H- 
jieM KoneqHOH xojiin.HHbi. 

§ 78. Onpe^cjieHHe ochobhbix napaivieTpoB 
HajipaBJiHH>]i](ero annapaTa HaxypHon rn;^poTypÖBHi>i 

KoHcxpyKHHH HanpaBJiflK)- 
IHHX annapaxoB coBpeMeHHbix 
BepxHxajibHbix rH;ipoxypÖHH 
HOpMajiHaoBaHbi 18; 11; 231. 
B ocHOBy HopMajiHaauHH nojio- 
mena yHH(J)Hij;HpoBaHHaH chjio- 
Ban cxeMa (pnc. 164), npn ko- 
xopOH ÄJiH ynpaBjieHHH jionax- 
KaMH XpeÖyiOXCH MHHHMaJIbHbie 
paaMepbi cepBOMOxopoB nanpaB- 
ji5Hoin.ero annapaxa. Bbiöop 
pasMepoB MexaHHSMa noBopo- 
xa npoBOÄHx b cooxbcxcxbhh c 

HOpMaJIHMH B aaBHCHMOCXH OX 

ÄHHMexpa xypÖHHbi (xaöji. 41). 
PaöoxocnocoÖHocxb h HaÄom- 
HOCXb npHHHXOH KOHCXpyKHHH 
HOJimHa öbixb oöocHOBaHa pac- 
qexaMH h cnen,HajibHbiMH hc- 
CJieÄOBaHHHMH. 

Hxoöbi ycxaHOBHXb ochob- 
Hbie paaMepbi cepBOMOxopOB, 
Heoöxo;iHMO pacnojiaraxb chjio- 
BbiMH xapaxxepHcxHKaMH Ha- 
npaBJiHiomero annapaxa, Koxopbie onpeÄCJifliox npn noMomn cneuHajib- 
Hbix HccjieÄOBaHHH MO^ejieH BHÄpoxypÖHH [1; 8; 111. j3,aHHbie xaxHx 
HcnbixaHHH Hcnojibayiox xaxme jijih pacqexa na npoqHocxb jionaxKH 
H MexaHHSMa noBopoxa nanpaBJiaiomero annapaxa. 



Phc. 164. HopMajiHsoBaHHbiö MexaHHSM 
noBopoxa jionaxoK Hanpafijinroiuero annapaxa. 



Phc. 163. K nocxpoeHHio npo(l)HJiH 
jionaxKH HanpaBjiHiomero annapaxa 
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TaÕAUt^a 41. OcKOSHue pasMepu MexaHHSMa noBOpOTa HopMajiHsoBaiiHoro 
HanpaBJinioiuero annapara b sasHCHMOCTH ot AHaMerpoB rHAporypÕHH 


AHaMCTp 
paGoTCTO 
KOJieca 
£>1. MM 

qncjio 
JionaTOK 
HanpaBJTHio- 
mero an- 
napara 

Oo. 

MM 


Dq, 

MM 

Ljj, 

MM 

Lp* 

MM 

MM 

1800 


2200 


1500 

240 

130 

297 

2000 

16 

2400 

22° 

1600 

270 

145 

342 

2250 


2750 


1800 

300 

160 

410 

2500 


2900 


2000 

330 

165 . 

266 

2800 


3250 


2250 

370 

185 

294 

3200 


3750 


2550 


215 

361 

3600 


42ÖÕ 


2900 

480 

240 

383 

4000 


4650 


3200 

540 

270 

424 

4500 


5250 


3600 

600 

300 

491 

5000 


5800 


4000 

670 

335 

527 ' 

5500 

24 

6400 

42° 

4400 

740 

370 

588 

6000 


7000 


4800 

800 

400 

655 

6500 


7500 


5200 

870 

435 

665 

7000 


8100 


5600 

940 

470 

727 

7500 


8750 


6000 

1000 

500 

839 

8000 


9300 


6400 

1050 

PSiP. 

865 

8500 


9850 


6800 

noo 

550 

912 

9000 


10500 


7200 

1160 

440 

1036 

9500 


11000 


7600 

1180 

470 

1041 

10000 

32 

11500 

42° 

8000 

1250 

500 

1051 

10500 


12000 


8400 

1350 

540 

1045 


BejiHqHHa rHÄpaBJinqecKOH chjibi h MOMenra, ÄeHCTByKDinHX na Jio- 
naTKy co exopoHbi noxoKa, aaBHCHx ox XHna cnHpajibHoft KaMepw, (JxDpMbi 
npo(J)HjiH JionaxKH, nojiOHceHH» och noBopoxa JionaxKH h oxkpbixhh na- 
npaBJiHiomero annapaxa. Pesyjibxaxbi HcnbixaHHÖ npejicxaBJiHiox b BH^e 
saBHCHMOcxefi npHBeÄeHHbix chji h MOMenxoB, a xaKHce hx K03(J)(|)Hii,neH- 
xoB Cp, Ctn ox oxKpbixHH KaÄÄOH H3 HopMajiHsoBaHHbix jionaxoKi 

Pir=-^ = C,p{Q{Y-, 

U n 
1 

M, =c„2!c„Dt(C,T/^;] 

M,V - ^ = C„p (QiT, I 

r;xe Pr h Mr — CHJia h mombhx, ;ieHCXByioiii,He na jionaxKy co cxopoHbi 
noxoKa; PiV; MiV — npHBe;ieHHbie k Di==1 m h//=1 m XHÄpaEJiH- 
qecKHe cHJia h momcht, OÄHnaKOBbie min cepHH reoMCxpHqecKH no^oö- 

Hbix XypÖHH; Cp = Cm= —^ —K03(J)(J)HBHeHXbl CHJI H MOMCHXOB. 

pQ/ pQi' 

OnpcAejieHHe AwaMexpa cepeoMoropoB. CepBOMOxopbi HanpaBJia- 
lomero annapaxa cjiyncax A^a noBopoxa JionaxoK ox noAHoro saKpbixHfl 
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AO pacnexHoro oxKpbixHH. TnroBbiH momchx cepBOMoxopoB, pacnoAo- 
jKCHHbix CHMMexpnqno oxnocHxejibno peryAHpyioin.ero KOAbua, aoaäch 
npeoAOACBaxb XHApaBAHqecKHe MOMcnxbi Mr, ACHcxByiomHe na AonaxKH, 
H MOMCHXbl XpCHHH Mxp B HX OHOpaX. B SaKpblXOM nOAOHCCHKH HCOÖ- 
XOAHMO xaKjKC oöecneqHXb momchx ynAOXHenHH AonaxoK My. JIah sa- 
Kpbixoro HanpaBAHiomero annapaxa BejinqHHa xnroBoro MOMCHxa cepBO- 
MOxopoB, AOHCXByiomero na AonaxKy 

Mc. s. > Mr + M^p + My. (433) 

TnroBoe ycHAne cepBOMOxopa npn KancAOM oxKpbixHH aoah^ho npe- 
OAOACBaxb rHApaBAHqecKHH MOMCHx H MOMCHX xpeHHH H oöecneqHBEXb 
HeoöxoAHMyio CKopocxb abh^chha AonaxKH: 

Mc.o. == ±Mr + Mtp. (434> 

Ecah xHApaBAHqecKHH MOMCHX nanpaBACH na oxKpbixne, ero cqn- 
xaiox noAOjKHxcAbHbiM. C)xpHii,axeAbHaH BCAHqHHa Mr npHHHMaexc5ii 
xoxAa, KOXAa XHApaBAHqecKHH momchx AeficxByex na saKpbixne Aona- 
xoK nanpaBAHiomero annapaxa. 

OnpeACAHB sHaqcHHfl BCAHqHH, BxoAflmHx B Bbipa>KeHHe (433), bh- 
qHCAHIOX XflrOBblH MOMCHX, KOXOpHH HCOÖXOAHMO npHAOA^HXb K OAHOH 
AOnaXKC. ripH HSBCCXHOM XHrOBOM MOMCHXe BblÖHpaiOX CXCMy MCXaHHSMB 
noBopoxa h hbxoabx BCAHqHHbi AwaMcxpa cepBOMOxopa, saAaBuiHCb 
MHHHMaAbHbIM AaBACHHCM MBCAB B HCM [8, 11]. 

Rjin onpeACACHHA AwaMCxpa cepBOMoxopa moäho xaKjKC BocnoAb- 
SOBaXbCH npHÖAHJKCHHOH (JlOpMyAOH, npHXOAHOH AAH HOpMaAH30BaHHbIX 
KOH cxpyKBHH HanpaBAfliomHX annapaxoB: 

^cepB = 6o//max’ (435)' 

FAC bfi = ~ — oxHOCHxcAbHan Bbicoxa annapaxa; X, — K03(]x])Hij.HeHx, 
SaBHCHIAHH OX AHCAa AonaxoK: 

4hcjio jionaTOK 16 24 32 

Ko34)4>Hii,HeHT X 0,034 0,03 0,028 

rioAyqcHHoe snaqenHe c?cepB OKpyxAHiox ao HopMaAHsoBannoro 
AHaMcxpa (f^cepB = 200; 250; 300; 350; 400; 450; 500; 550; 600; 650; 
700; 750; 800; 900; 1000 mm). 

nocTpocHHe HanpaBAHFom,ero annapaxa. FIpHHHB (JiopMy AonaxKii 
nOAOÖHOH MOACAbHOH H MCXaHHSM nOBOpOXa AOnaXOK B COOXBCXCXBHH 
c HopMaAHMH, BbinoAHHiox nocxpocHHC HanpaBAHiomcro annapaxa. Rjin 
3X0X0 BbiqepqHBaiox paaAHqHbie noAOJKCHHH AonaxoK, pbiqaroB, ceper 
H peryAHpyiomero KOAbua ox noAHoro saKpHXHH ao pacqexHoro oxKpbi- 
XHH H cxpOHx saBHCHMOcxb oxKpbixHfl HanpaBAB 10111.6X0 annapaxa ox 
xoAa nopiüHH cepBOMoxopa üq — f (s). B peayAbxaxe nocxpocHHH onpe- 
ACABiox xoA cepBOMOxopa, o6ecneqHBaioiij.HH pacqexHoe oxKpbixHC 


(431) 
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HanpaBJiaiomero annapaxa, npH KoropoM rypÖHHa paaBHBaex pacqexRyio 

MOinHOCxb: 


^0 — ^0 M, 


^Oh ^Om 
max £)- 2 - * 

^0 M *0 H 


(436) 


TÄe «OMniax “ BCJiHqHHa oxKpbixHH HanpaBJiHKDmero annapaxa moac^ih 
B pacqexHOH xonKe ynnBepcajibHOH xapaKxepncxHKn. 

ripn noGxpoeHHH npoBepHKDX oxcyxcxBne aaAeBannn coceÄHHx pbi- 
qaroB npn Kpaönnx nojiojKennHx MexaHH3Ma n nocjie paspynienHH 
cpesHoro najibua h oKonnaxejibHO BbiÖnpaiox pasMepbi MexannsMa noBO- 
poxa jionaxoK nanpaBJiaiomero annapaxa. 

Bojiee noÄpoÖHO o KoncxpyKUHHX h pacnexax na npoqnocxb nanpan- 
jiniomHX annapaxoB cm. [8; 11; 23]. 


rjiaBa XI. OTCACHBAIOmHE TPyBW 

§ 79. Hasna^eHHe h npHMenaeMBie thiim 

OxcacbiBaiomaH xpyöa rn/^poxypÖHHbi npe^Hasnanena otboas 
B o^bi ox paöonero KOJieca b hhähhh 6be(J) c MHHUMajibHbiMH noxepHMH 
snepran; ncnojibaoBannn nacin reoMexpnqecKoro nanopa, ecjin pa6o- 
nee KOJieco xypönnbi pacnojioHceno naÄ hhjkhhm öbecJxjM; npeoöpaao- 

BaHHH KHHexnqecKOH snep- 
TaÕAUitfl 42. BeJiKHHHa KHHCTHHecKOH SHeprHH pjjjj noxOKa, BblXOÄHmero H3 
noTOKa v^J2gH aa paöoHHM KOJiecoM paöonero KOJieca, B SHeprHK) 

AJIfl FHApOTypÖHH paSJIHHHOK õfalCXpOXOÄHOCTH J^aBJieHHB. 

BejinqHHa KHHexnqecKon 
sneprnn noxoKa na bhxoäc 
H 3 paöonero KOJieca 3aBHCHx 
ox xnna rnÄpoxypÖHHbi h pe- 
HCHMa ee paöoxbi. Ha ocho- 
Bannn sKcnepHMenxajibHbix 
H pacnexHbix HCCJieÄOBaHnn 
ycxaHOBJieno 16; 22], qxo ona 
cymecTBeHHO pasjinqna äJib 
xypÖHH paÄHajibHO-oceBoro 
H oceBoro xnna (xaöji. 42). 
npH OXCyXCXBHH OTCaCblBaK)- 
meö Tpyöbi snepran noxoKa nocjie paöonero KOJieca xepnexcn, h KHXl 
xypÖHHbi yMenbmaexcn. Flpn ycxanoBKeoxcacbiBaiomeHxpyöbi, Koxopan 
npeÄCxaBjinex co6ok) npBMoocHHH hjih Haornyxbm ;i,H(J)4)y3op onpe^ejien- 
Hbix pasMepoB, KHHexnnecKaH snepran noxoKa nocJie paöonero KOJieca 
npeoöpasyexcH b snepmio ÄaBJieHHH. B pesyjibxaxe noÄ paöonHM KOJie» 
coM cosAaexcH AonoJinnxejibHoe paspeHcenne, BCJieACXBne qero nanop, 
Hcnojib3yeMbiH xypönnoH, Bospacxaex. Ocoöenno snaqnxejibHa pojib ox- 
cacbiBaiomeH xpyöbi b paöoqcM nponecce öbicxpoxoAHon oceBon XHÄpo- 


XhH TypÖHH 

BbicxpoxoÄ- 

HOCTb 

9 

PaÄHaJibHo-oceBbie 

70—125 

2—4 


125—200 

4-6 


200—300 

6—10 

ZI,HaroHajifaHfaie 

300—450 

10—14 

OceBKe BepxHKajib- 

450—600 

16—27 

Hbie 

600—800 

27—34 


800—1000 

34—50 

KancyjibHbie 

800—1400 

Bo/iee 50 
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xypÖHHbi, y KoxopoH KHKexnqecKan snepma noxoKa üll2gH aa paöoqnM 
KOJiecoM MO^ex ÄOcxHraxb50% ox nojinoro nanopa xypönnbi. j^encxBn- 
xejibnan KHnexnqecKan snepma noxona na BbixoÄe ns paöoqero KOJieca 
necKOJibKO öojibuie xeopexnqecKon, nocKOJibKy snepma noxona na Bxo;ie 
B oxcacbiBaiom.yK) xpyöy pacnpe^ejieHa HepaBnoMepHo. 

PasMepbi H xnn oxcacbiBaK)U].eH xpyöbi xanme BJinaiox na na- 
BHxannoHHbie n nyjibcannoHHbie xapaKxepncxHKn xypönnbi, raöapnxbi 
H cxoHMOcxb nOÄBOÄHOH qacxH a^aHHa FŠC. CjieAOBaxejibno, npn bh- 
öope xnna n pasMepoB oxcacbiBaiomen xpyöbi Heoöxo;iHMO xinaxejibHO 
npoanajiHsnpoBaTb ee Bjinanne na xapaKxepncxnKH rnÄpoxypönnbi 
H cxoHMOCxb SÄanna FSC n npn noMomn xexHHKO-SKOHOMnqecKHX pac- 
qexoB Bbiöpaxb onxHMajibKbift Bapnanx. 

jljia HJiJiiocxpanHH BjinaHna oxcacbiBaiomeH xpyöbi na paöoqnH 
nponecc xypönnn onpejiejiaiox AaBJienne no^ paöoqnM KOjiecoM n na- 
nop, HcnojibayeMbiH xypönnon Ä*^a cjie^yiomHx cjiyqaee: xHÄpoxyp- 
önna öea oxcacbmaiomeH xpyöbi; rnÄpoxypönna c nnjiHHilpHqecKOH 
TpyöoH (öes pacmnpeHHa noxona); rHÄpoxypönna c HopMajinaoBanHOH 
oxcacbiBaiomeH xpyöon, y Koxopoft nonepeqnbie ceqenna yBejinqnBa- 
KDXca B;i,ojib noxoKa. 

FHÄpoxypÖHHa öea oxcacbiBaiomeH xpyöu (pnc. 165, ä). Flpeneöpe- 
raa noxepaMn sneprnH b no^BOAnmeM ycxpoöcxBe, naxoÄHx nanop, 
HcnojibsyeMbiH rHÄpoxypönnon: 

H = Eo- Ebhx. (437) 


TÄe Efi =hZs — yÄejibnaa aneprna b BepxneM öbe^ (njio- 

' CKOCxb 0 — 0)\ Ebhx = -F ^ 3 + ^ — yÄGJibnaa sneprna noxona, bbixo- 
Änmero ns paöoqero KOJieca. 

HoÄCxaBJiaa snanenna n Eblix b ypaBnenne (437), nojiyqaiox 




(438) 


Tan KaK Bo^a Bbixenaex nenocpe/i,cxBenno b axMoc^Depy, ÄaBJieHne 
noÄ paöoqHM KOJiecoM 

Ps ~ patu- (439) 

TaKHM oÖpasoM, b cjiyqae oxcyxcxBna oxcacbiBaioineH xpyöbi nnne- 
xnqecKaa sneprna noxona v\l2g h qacxb nanopa xypÖHHon ne ncnojib- 
syioxca; npn sxom KTiJl xypönnbi cymecxBenno na;i,aex. 

FnApoxypönna c n,HJiHHÄpHqecKOH OTcacbiBaK)iii.eH xpyöon (pnc. 
165, 6). Bo/i,a ox paöoqero KOJieca oxBOÄHxca noÄ ypoBenb HHÄHero öbe(j)a 
npn noMomn nnjiHHflpnqecKon xpyöbi. Sneprna noxona na Bxo/i,e b xyp- 
önny (öea yqexa noxepb b noÄBo/i,e) 



PaTM 

7 


h Z^. 
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SHeprHfl noTOKa na BbixoAe h 3 pa6o*iero KOJieca 

2 2 

Ebux + + = ^6 + 2 ^ 3 - 5 . 


rÄG 2^3-5 —noxepH sneprHH b oTcacbmaiomeH Tpyõe. 



CorjiacHo ( 437 ) HcnojibsyeMbifi nanop b stom cjiy*iae (hmcb b BHAy, 
qio üg = v^\ P 5/7 = Pstm/t + ^ 5 ) onpeÄeJiflexcB no 4 )OpMyjie 


+ h +^ 3 ) + ^, + 4 -23 + 2 /^ 3 - 3 ) 


= /i+Z 3 —I+ 2 ^ 3—6 


(440) 


Cjie;iOBaTejibHO, npn pacno.iojKenHH paöo^ero KOJieca usljx hhjkhhm 
6be4)OM ycTaHOBKa oTcacbiBaiomeH Tpyöbi nocTOHHHoro ceqenHH nosBO- 
Jiner ÄonojiHnxejibHO ncnojibsoBaxb qacxb nanopa Zg. O^HaKO, khk 
H B nepBOM cjiyqae, no;iHocxbK) xepnexcH KHHexHqecKan snepma 
noxoKa vl/ 2 g na BbixoAe hs paöoqero KOJieca; xpoMe xoro, BOSHHKaiox 

nõxepn sneprHH snyxpH oxcacbiBaromeH xpyöbi s- 
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ÜJiB onpeÄejieHHH ÄaBJienHH noA paõo^HM KOjiecoM ncnojibsyioT 
ypaBHenne sneprHH ceqenHH 3—3 u 5 — 5: 


+ - J +^3= -^ + 4- -^3+ S A3-3 = ^" + 4 + SV»; 


( 441 ) 


- ^S-hYi ^3—5- 


Hs BbipaHceHHH (44!) cjieÄyex, qxo ÄaBjieHne noji, paöo^HM KOJiecoM 
MOJKex 6bixb MeHbme axMOc4)epHoro. 

ycxaHOBKa HopMajiHsoeaHHOM oxcacbiBaioii^efi xpyöw nocjie pa6o- 
qero KOJieca (pnc. 165, e). SnaqeKHn yÄejibHbix sneprHH noxoKa Ha 
BXOAe B xypOHHy h na bhxoäc hs paöoqero KOJieca onpeÄCJiHioxcH no 
(JwpMyjiaM: 


Eo — z^\ 


( 442 ) 


= -^+^ 3 + 2 !=— — + 2^+2 ^3-5- 


B AaHHOM cjiyqae cKOpocxb noxoKa na BbixoÄe hs oxcacbmaiomeH 
xpyöbi SHaqHxejibHO Menbuie, qeM na BxoAe v^. ilaBJieHHe na BHXOÄe 
HS oxcacbiBaiomeH xpyöu pg/^ = Pstm/t + 

Hanop, HcnojibsyeMbiH xypÖHHoft npn ycxanoBKe oxcacbmaiomeH 
Tpyöbi, 


( 443 ) 


H — Eq Ebux — h-\-z^ — I+ 2^3—sl • 


BejiHqHHy aöcojiioxHoro ÄaBjiCHHH no;; paöonHM kojiccom onpe^e- 
JI5H0X HS ypaBHCHHH SHcprHH, sanHcaHHoxo äjih ceqeHHH 3—3 h 5 — 5: 


^+-9|r+23 — -^7-“^5+^+2 ^3-£ 


(444) 


^o/^cxaBJIHH SHaqeHHC + ^5, nojiyqaiox 


Pa _ PäTsi _ _ f ^'3 ^'5 

T T ^ [ 2g 


(445) 


Hs paccMOxpCHHH BbipajKCHHH (443) H (445) CJIe/^yex, qxo ycxanoB- 
Ka HopMajiHSOBanHOH oxcacbiBaiomcH xpyöbi npHBo;];Hx k yBejiHqenHK) 
nojiesHoro nanopa, HcnojibsycMoro xypÖHHOii. B pesyjibxaxe khhcxh- 

V^' 

qecKaa sneprHH noxoxa ~ na bhxoäc hs xypÖHHbi oxnocHxe.ibHO 

HCBejiHKa. BnyxpeHHHe noxepn sneprHH b oxcccbiBaiomeH xpyöe 2^3-5 
saBHCHx ee xnna h pasMepoB, a xaK>Ke pe>KHMa paöoxbi xypÖHHbi. 


BejiHqHHa BoccxanoBJieHHoro nanopa 


2 2 

V — tl 
3 6 


^ /lg—6j yBCJiHqHBa- 


311 






0TC^ npH yMeHbllieHHH BblXOAHOH CKOpOCTH ITOTOKa H BHyxpeHHHX 
noTcpb B OTcacbiBaiomeH rpyöe. 

Zl^BjieHHe noji pa6o*iHM KOjiecoM tem MeHbiiie, ^leM MenbuiB v^l2g 
M 2^3-5* CyMMapnoe paspejKCHHe noA paöoqHM KOJiecoM CKyia^biBa- 


eTCH H 3 CTaXHCTHMeCKOro Z3 H 


ÄHHaMH»iecKoro 


- u 

Op ' —2 j^ 3-6 BaKy- 


yMOB. XI.eHCTBHTejibHoe cosAaBacMoe paapejKeHHe noÄ paöoqHM KOJiecoM 


HecK0*ibK0 OTJiHqaexcH ox ero xeopexHqecKoro SHaqeHHB H3-3a nepaBHo- 


McpHoro pacnpeÄeJiGHHB sneprHH noxoKa na BbixoAe H 3 oxcacuBaio- 
meö xpyõbi. 



Phc. 166. Tnnhi OTcacbiBaiomHx xpyö; 

a — HaorayraH (/ — bx^hoö ÄH(i)$y3op; 2 — kojibho; 3 — BuxoflHofl AH4)!l)y3op); 6 — npHMHH cne- 
UHajiBHoa <{x>pMbt H KOHHaecKaa; e — tipaMan KOHH^ecKaa h pacrpyöHaH. 


TaKHM 06 pa 30 M, oxcacHBaioniaH xpyöa ruApoxypöiiHbi Äo;i>KHa o 6 ec- 
neqiiBaxb MHHHMajibHbie noxepn aneprHH npH npeoõpaaoBauHH KHHe- 
XHqeCKOH SHepXHH B SHeprHK) iiaBJieHHB H HMCXb OnXHMa.TbHbie, 9 KOHO- 
MHqecKH oöocHOBaHHbie pasMepbi (ebicoxy, ;iJiHHy, njHpiiHy b njiaHe), 
npocxbie KOHCxpyKXHBHbie 4)opMbi. 

B coBpeMeHHbix peaKTHBHbix rHj],poxyp6HHax npHMenjiiox cjie;],yK)' 
LLUiexHnbi oxcacbiBaiomHx xpy6; nsornyxbie xpyöbi eepxiiKa.TbHbix peaK- 
XHBHbix FH^poxypÖHH; npHMOocHbie oxcacbiBQfomHe Xpy6bi KancyjibHbix 
riijipoTypÖHH (KOHHqecKHe hjih cneuHajibHofi (J^opMbi); npaMoocHbie f<o- 
HHqecKHe h pacxpyÕHbie oicacbiBaiomHB xpyöbi äjih BepxHKajibHbix xyp- 
6 hh (pHc. 166, a, 6, e). MaHÖo.iee lUHpoKoe pacnpocrpaHenKe nojiy- 
qiiJiH HsorHyxbie oxcacbiBaiomHe xpyöbi pasjiHqHbix xnnoB. 

HsorHyxaa oxcacbiBaioinaa xpyöa, öojiee cjio^KHan no CBoefi (^opMe 
B CpaBHCHUH C npBf.lOOCHOH KOHfiqeCKOH, COCXOHX H3 c.Tea,yHDiii,nx S.fie- 
MeHTOB (pnc. 166, a): Bxo/iHoro AH4)[|)y3opa 1, K0.7eHa 2 h Bbixo.mioro 
ÄH(JxJ)y3opa 3. Mx paSMcpu h (f)opMa Äo.aa^iibi öbixb BbiöpaHbi xaKHMii, 
qxoöbi oöecneqnxb MiiHHMajibHbie cyMMapiibic noTepii b orcacbiBaioiueH 
Tpyöe. OcHOBHbiMii napaMexpaMH HSorHyxofi oxcacHBaiomeH xpyöbi 
hbji5ik)xch: sbicoxa xpyöbi/i (hjih ee oxHocHxejibHaa BejinqHHa/i/D J, 
oxcqHXhiBaeMasi ox itjiockocxh HH>KHero KOJibua HanpaBJiHioinero anna- 
paxa flo ocHOBaHHH xpyöbi; yro-i pacKpuxHH BXOÄHoro ÄHcJxfjyaopa 0; 
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XHB KOJieHa; flJiHHa xpyÖbi L (oxHOCHxejibHaa A^HHa L/Di) —^paccTOH- 
HHe OT ocH xypÖHHbi AO BbixoAHoro ceqeHHfl oxcacbiBaiomeH xpyobi. 
Rjifi npflMOOCHbix oxcacuBaiomHX xpyö ochobhmmh napaMexpaMH übjisi- 
loxcH A^HHa xpyöbi L h cyMMapHfaifi yroji KonycHOCXH 6. 


§ 80. noxepH anepTHH h K034>4>ro^HeHT BOCCTanoBJieHHa 

OTcacbiBaH)in.eH xpyöbi 


npeoöpaaoBaHHe KHHexHqecKofi SHepxHH noxoKa nocjie paöoqero 
KOJieca B noxenuHaJibHyio cBaaaHo c HeH3ÖejKHbiMH noxepHMH b oxca- 
CbiBaiomeH xpyöe. Paajinqaiox cjieAyiomHe bhabi noxepb b oxcacbiBaio- 
•"MY fitJijfnnp.u.HiiP. notneDU 

S/i 3 _ 6 , Koxopbie COCXOHX H3 noxepb 
na xpeHHe, paciniipeHHe h noBopox 
noxoKa (ecjiH xpyöa Haornyxan); 
ebixoÕHbie nomepu c KHnexHqecKOH 
snepmeH noxoKa na BbixoAe h3 ox- 
cacbiBaiomeö xpyöbi (pnc. 167). Be- ^ 
jiHqHHa noxepb sneprHH na bhxoag 
H 3 OXCaCbIBaiOmeH xpyöbi SBBHCHX Phc. 167. BejiHHHHa K034)(|)HUHeHTa 
ox JionacxHOH CHCxeMbi paöoqero ko- noxepb sneprHH C*.j^KOHHqecKOHOTca- 
jieca H pencHMa paöoxbi xypÖHHM, cbiBaiomeH xpyöbi (L/Dg = 3) b saBH- 
a xaK^e ox XHna H paSMepOB oxcacbl- chmocxh ox yrjiapacmHpeHH5i noxona: 

Baiomeö xpyöbi [6; 7; 281. Mepeqnc- 

JieHHbie (|)aKXOpbI OnpeAOJIHIOX cxe- Mapaue noTepa. 

nenb nepaBHOMepnocxH pacnpeAeJie- yji 

HHH CKOPOCXH % nOXOKB B BblXOAHOM CCqeHHH XpyÕbI, KOXOpaH Xa- 

paKXepH3yeXCH K03(J)4)HLI.HeHX0M KopHOJIHCa. 




(446) 


rne 05 — HopMaJibHan cocxaBJiniomaH cKopocxH noxoKa b AannoH 
xoqxe BbixoAHoro ceqeHHH F^-, Ogcp “ cpeAHHfl CKopocxb noxoxa b bh- 

xoahom ceqeHHH oxcacbiBafomeH xpyöbi. 

MeM MeHbiue BejinqHHa a^, xeM öojiee paBHOMepHo pacnpeAeJieHbi 
CKopocxH Ha BbixoAe H3 oicacbiBaioiri.eH xpyöbi h xeM MeHbUie BbixoAHbie 


noxepH 4^. IlpHMepHueaHaqeHHfl K03(}i4)HUHeHxa ajih pasJinqHbix 

OTcacbiBaioufiix xpyö h pe>KHMOB paöoxbi npuBeAeHbi b xaÖJi. 43. 

ripu onpeAeJieHHii pasMepoB oxcacbiBaK)iii.eH xpyöbi CJieAyex saAaxb- 

CH BeJinqHHOii BbixoAHofi CKopocxH 05 ^HJiH oxHOCHxejibHbix ooxepb 


B 3aBHCHM0CXH OX Hanopa xypÖHHbi. SnaH pacxoA qepes xyp- 

® 2eH} 

ÖHHy H npHHHB CKopocxb üg (pHC. 168 ), onpeAöJiHiox njiomaAb BbixoA- 
Horo ceqeHHH oxcacbmaioiiieH xpyöbi. TaK, HanpHMep, a*^?^ paAHaJibHO- 


11 7-204 
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OCeBLIX THÄpOTypÕHH BCJIHqHHy BLIXOäHLIX nOTepb npHHHMaiOT — 
= 0,02-i-0,4%, a ÄJiH HHSKOHanopHLix oceBbix rypÖHH <2%. 

HHÄe paccMOTpeHbi BHyxpeHHHe noxepH 9HeprnH b HSorHyxofi ox- 
cacbiBaiomefi xpyöe. 

Bxoähoh ;iH4)(J)y3op. FIpeoöpasoBaHHe KHHexHqecKofi 
SHepxHH noxoKa b noxeHUHajibHyio npoHCxoÄHx, rjiaBHbiM oöpasoM, 




V 5 .M/C 



TaõAut^a 431 SHaneHHA 
K03^(I]Hi;HeHTa KopHOJIHCa 
AJIfl paSJIHHHUX THnOB 
OTcacuBaioiAHx rpyõ 


Xnn OTcacMBaiomefi Tpyöbi 


OpsMan KOHH«iecKafl 


1.2-;-1,5 


2-J-7 


n I _ 1^ 1 I I I i -^ 

25 75 /25 175 225 275 h,M HaornyTafl m onxHMaAb- 

HOM peJKHMe TypÖHHbi 1 , 5 -f- 2,5 

Phc. 168 . IIonycTHMbie BejiHqHHbi Bbixoa- u 

HOH CKOpOCTH H OTHOCHTeJIbHHX BHXOAHHX SOrHyTaH Ha HeOHTH- 

noxepb oxcacbiBaromeH xpyöbi b saBHCHMocxH ^aJibHOM pemHMe xyp- ^ 

ox Hanopa xypÖHHbi. * ' 

Bo BXOÄHOM KOHyce oxcacbiBaioneH xpyõbi, nosxoMy npaBHjibUbiH bh- 
6op ero pasMepOB hmccx öojibiiioe sHaqeHne sneprexHqecKHX xa- 
paKxepHCTHK öbicxpoxoÄHOH xypÖHHbi. HsBecxHO, qxo noxepH sHepxHH 
B ÄH{})^y3ope saBHCBX ox cyMMapHoro yrjia ero pacKpbixHB 0 h oxho- 
CHxejibHofi ;i,jiHHbi L/D 3 , a xanjKe cxeneHH pacuiHpeHHn noxona 

(pHC. 169). 

ripaBHJibHbiH Bbiöop pa3MepoB ÄH(J)(|)y30pa ne xojibko oöecneqHBaex 
MHHHMajibHbie noxepH bo bxo^hom ;i,H(J)(|)y3ope, ho xaK^e BJiHnex na 
noxepH B KOjiene h bmxoähom 

ÄH4x|)y30pe. OcHOBHbIMH HCXOHHH- | ^ 


KaMH noxepb sneprHH b ÄH(Jx|)y- 
30pe HBJIHIOXCfl XpeHHe JKH^KOCXH 
o ero cxeHKH h pacuiHpeHHe no- 
xoKa, Koxopoe npH nenpaBHJib- 
HOM Bbiöope yrjia 0 h neöjiaro- 
npHHXHOM pacnpeÄejieHHH CKopo- 
cxefi na BXO/i,e b xpyöy npHBo;]^HX 
K qpe3MepH0My pocxy norpanHHHO- 
ro cjiOH, oxpbmy noxoKa h BHxpe- 




0 iO /4 18 22 2 k e° 

Phc. 169. OnxHMajibHaH oxHOCHxejibHaa 


oöpasoBaHHK). Khk 6biJio oxMeqeno Ä^mysopa b aaBHCHMocxH ox yr.xa 

Beme (§ 56), b ceweHHH sa pafe- , _ ^ . - ud. = 3; 

HHM KOJiecoM noxoK HMeex onpe^e- 4 — lid, = 4. 

JiennyK) sanpyxKy, xapaKxepHsye- 

Myio cpe;i.HHM yrjiOM noxona ag^p, noaxoMy onxHMaJibHbiö yroji pacniH- 
peHHH BxoÄHoro ÄH4)(|iy3opa npHHHMaiox: 0 > 14 18° npH h^oJD^^ 

= 0,4. SKcnepHMenxajibHbie Hccjie/i,oBaHHH MOÄejiefi noKasajiH, qxo 
Ka>K,HOMy THny paöoqero KOJieca cooxBexcxByex cboh onxHMajibHaa koh- 


4 — L/D, = 4. 


cxpyKHHH oxcacbmaiomeH xpyöbi c cooxBexcxByiomHMH BejiHHHnaMH 0 
H L/Dg, npH Koxopbix K034)4)HHHeHx noxepb CSrc HaHMeHbniHH, a KTLR 

xpyöbi t]otc - 1 CoTC naHÖojibuiHH. OnxHMajibHbiH yroji 0 yBejiHHH- 

BaexcH npH yMenbUieHHH L/D 3 (pnc. 169). 

K o Ji e H o. BejiHHHHa noxepb SHepxHH b KOjiene naHÖojibuiaH no 
CpaBHeHHK) C nOXepHMH BO BXOäHOM H BblXOÄHOM ÄH^xJjySOpaX H 3aBH- 
CHx ox cxpyKxypbi noxoKa na Bxo^e b KOJieno h ero 4)OpMbi. Bo 3 hh- 
Kaiomne npn noBopoxe noxoKa b KOJiene peHxpoöeJKHbie chjibi Moryx 
npHBecxH K oxpbiBy noxoKa (ocoöenno na BHyxpenHefi cxenKe) h yae- 
jiHqeHHK) noxepb. ^eM öojibuie pa^Hyc noBopoxa noxoKa, xcm MeHbine 
nenxpoöeÄHbie chjih h rpaAHeHXÄaBJienHH b noxone. Ha ocnoBaHHH skc- 


TTX^IJTLTV TTÜTTr^-O O TTTarri ^ tt - w ^ 

Aivix^n X iviwxrvxiU pCJW.yiVlcn^V^lDdl JD lULU^MC 

BejiHHHHbi pa^HycoB noBopoxa: R^ > 0,66Di; > l,0Di (cm. xaöji. 

44). BxopbiM (j)aKxopoM, BJiHHK)n].HM na noxepH sneprHH b KOJiene, hb- 


jiaexcH oxHomeHHe ero bhxoähoh h bxoähoh njiomaÄefi h xapaKxep h 3- 
MeHeHHH njioma^eH b^ojib KOJiena. onpeAejieHHa onxHMajibHoro 


saKOHa H3MeHeHHH njioma^eH KOJiena b xHÄpoxypÖHHHofi jiaõopaxopHH 
JleHHHrpaACKoro MexajiJinqecKoro aaao^a öbiJiH npoBe^eRbi cnenHajib- 


Hbie SKcnepHMenxajibHbie HccjieAOBaHHH. Bbuio HCCJieÄOBano xpH 


KOJiena: c nocxeneHHbiM yaejiHqeHHeM njioma;iH nonepeqnbix ceqeHHH 


KOJiena; c nocxonnnbiM ananenHeM njiomaÄH; c yBejiHqenneM njioiiiaÄH 
ceqenHH npH neKOxopoM ee yMenbinenHH b sõne noBopoxa noxoKa. Ilo- 
cjieÄHHH aaKon HaMenenHa njiomaÄH KOJiena OKasajicn onxHMajibHbiM 


H npHBHX ÄJin oxeqecxBennbix nopMajiHaoBannbix KOJien 4-h cepHH. 
(B nacxoHiii,ee BpeMn paapaöoxan bobbih OCT na oxcacbiBaioin.He xpyöbi). 

BbixoÄHofi ÄH(J)(J)y3op. B BbixoÄHOM ÄH(|)4)y3ope oxca- 
CbmaiomeH xpyöbi npoHcxojlHx Äajibneöniee npeoöpasoBanHe KHnexH- 
necKOH sneprHH b noxennHajibnyio; o;i.naKo, kbk öbijio oxMeneno Bbime, 


ocnoBHoe BOccxanoBJienHe sneprHH HMeex Mecxo bo BXo^noM ÄH(J)4)y3ope. 
OopMa nonepennoro cenenKH BbixoÄHoro ÄH4)4)y3opa npHHHMaexcn 
oöbiHHO npHMoyrojibHOH. Pacinnpenne noxoKa npoHcxo^Hx rjiaBHbiM 
oöpasoM 3a cqex noÄX>eMa noxojiKa ÄH^JxJjyaopa na yroji a = 10 -f-13°, 
XOX5IBOSMOBKHO xaKXKe HOKOxopoe pacniHpenHe h b njiane (pHC. 166, a). 
Bhxoähoh ÄH(JxJ)y3op HMeex onxHMajibHbm yroji paciiiHpeHHn noxoKa, 
npH KoxopOM noxepH sneprHH b hbm MHHHMajibHbi. 3xox yroji yeejiH- 
qHBaexcH npH yMenbmenHH jiJiHHbi xpyöbi. ^xoöbi onpe^ejiHXb cyMMap- 
HbiH yroji pacuiHpeHHH npnMoyrojibnoro ÄH(j3(^3^3opa h Bbiöpaxb ero 
onxHMajibHyK) BeJiHqnny, Ha/ 1,0 BbiqHCJiHXb SKBHBajienxHbiH yroji, ko- 
xopbiH npHpaBHHBaexcH yrjiy 0 ^Htjxjiyaopa Kpyrjioro ceqenHH: 



rjxe ^ — cxenenb pacuiHpenHH noxoKa b bhxoähom //Hijicjiyaope; 

—sKBHBajienxHbiH ÄnaMexp Bxo;i,Horo ceqenHH AHiJxjiy- 
3opa. PeKOMCHAyeMaH BejiHqHna Öskb = 10 12° npHMoyroAbnoro 


11* 
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ÄH4)(|)y3opa npHMeHHexcH necKOJibKO Menbuie, qew 
Kpyrjioro ceqeHHH. 

CyMMapHfaie noxepH b oxcacbmaioineH xpyöe paBHbi cyMMC BHyxpeH- 
HHX H BuxoÄHbix Hoxepb: 


/i = Cbh -õj- + % õj- 


(448) 


^ '-bh 2g ' ^ 2g ' 

Hx BCJiHqHHa EJiH5iex Ha K^R tiotc {K03(p(puqueHm eoccmameAeHUH 
omcacbieatou^eü tnpyõbi), Koxopbifi xapaKxepnsyexcH oxHomeHHeM ji,eH- 
cxBHxejibHoro ÄHHaMHqecKoro BaKyyMa, cos^aBaeMoro oxcacbiBaioui.eH 
xpyöoH noÄ paöoHHM KOJiecoM, k ero xeopexHqecKofi BejiHHHHe: 


Pp^KH. BSK 
"'^OTC ~ 2 




(449) 


" 2g ^ 2g 

rioxepH sHeprHH b oxcacbmaiomeH xpyöe, oxneceHHbie k KHHexH- 
qecKOH SHepFHH Ha ee bxoac, onpeÄCJiHioxcH no 4)opMyjie 


CoTC - 1 "^OTC 


“‘2i- + 




(450) 


C ÄPyrOH CXOpOHH, 9XH HOXepH SHeprHH MOHCHO OXHeCXH K Hanopy 
Ha xypÖHHe: 


CoTC - 




—U ^oTc/2g/y 


(451) 


MaKCHMajibHoe xeopexnqecKoe paspe^Kenne no;i paöoqHM KOjiecoM 
HMCJio 6bi Mecxo B xoM cjiyqae, ecjiH 6bi noxepn b xpyöe paBHHjiHCb 

HyjiK) /i 3_5 — 0, a BbixoÄHoe cenenne HMejio öecKoneqHO öojibuine 


pasMepbi ~ ^ 1 • 3XOM /i,aBJieHHe no^ paöoqHM KOjiecoM 

öbiJio 6bi HaiiMenbuiHM: 


Ps 


(452) 


r^e ^3 — cxaxHqecKHH BaKyyM; -ÄHHaMHqecKHH BanyyM. 

KaK oxMeqajiocb Bbime, noxoK sa paöoqHM KOJiecoM HMeex onpe^e- 
jieHHyio HepaBHOMepHocxb CKopocxeö h sanpyxKy noxoKa, qxo yBeJiH- 


qHBaex noxepH sneprHH [6]. Mxoöbi onpe^e^iHTb KPIJI, oxcacbiBaiomeH 
xpyöbi, Ha^o SHaxb ÄaBJieHHe h CKOpocxH b xoqnax bxoähofo ceqeHHH 
xpyöbi. Hcnojibsyn ÄaHHbie aaMepa hojih CKopocxefi h AaBJieHHH na 
Bxo^e B oxcacfaiBaiomyK) xpyöy, mojkho onpe^ejiHXb ee KOXl: 


'^O^C - 


r 55»™ 



(453) 




Phc. 170. HaMeneHHe KH/I, OTcacHBaiomeH xpyöbi b saBHCHMOCXH ox pcÄHMa paöoxu 

xypÖHHu: 

a — occBasi TypöHHa (Cg — BbixoAHbie noTepH. Cp — noxepH Ha pacmnpyeHHe h xpeHHe, — Aonoji- 
HHxeJibHbJe noxepH; — noxepn KOHHnecKofi BHeprHH BpamaiomerocH noxoKa; — cyMMapnue 

noxepH B xpy6e, rj — rHApaBJiHnecKHfl KnZl, xpyöbi); 6 — paAHajibHO-oceBan xypÖHHa, 


Phc. 171. noxepn aneprHH 
B oxcacbiBaiomHX xpyöax 
THÄpOXypÖHH paSJIHHHOH 

öbicxpoxoAHOcxH; 

/ — paAHajnjHo-oceBan Ajih cpeAHHX 
nanopoB; 2 — BbicoKOHanopnaH oce- 
Ban; 3 — HHSKonanopHaH oceBan; 
4 — KancyJibHaH; I— MaKCHMajibHan 
HarpySKa; II — onxHMajibHbift pe- 
>khm; iii —nacxHHHas narpysKa. 



r^e P;;HH.BaK — ÄHHaMMHecKHH BaKyyM b HccJie^yeMofi xoqne bxoä- 
Horo ceqeHHH; — pacxo;iHaH cocTaBJiHioii;a5i cKOpocxH noxoKa; 
Vg — aöcojiioxHaH CKopocxb noxona b flaHHofi xoqKe. 

AöcojiioxHaH cKopocxb noxoKa sa paöoqHM KOJiecoM cocxohx hs ÄByx 
cocxaBJiHiOLu,Hx: MepHÄHonajibHOH 0^13 h OKpyxKHOH Vui- yroJi saKpyxKH 
noxoKa «2 sa paöoqHM KOJiecoM HMeex onxHMajibHyio BeJinqHHy, npH 
KOXOpOH KIl/I, XypÖHHbl MaKCHMaJIbHbIH (pHC. 170, a, 6). 

CyMMapHbie noxepn sneprHH b oxcacbmaioiHHX xpyöax XHApoxyp- 
ÖHH pasjiHqHOH öbicxpoxoAHocxH cymecxBeHHO oxjiHqaioxcH (pnc. 171). 
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EcjiH^npHHHTb Kna OTcacuBaiomHX Tpy6 osHHaKOBUM (HanpHMep 
TIotc — lo/o), TO OTHOCHTCJIbHbie nOTepH SHeprHH B HHX cocraB- 
aHK)^ aaa oceBHx ^P6 hh = 10 -4- 12%; fljia paana^bHO-oceBbix 
W . U,2ö/o. laKHM oöpasoM, norepK aneprHH b oxcacbi- 

Baiomen Tpy6e occboh 6biCTpoxoÄHoö TypÖHHbi Moryx ÄCcraraTb SHa- 
qHxejibHOH BejiHqHHbi. MaKCHMajibHbiH KUR OTcacbiBaiomeH tdv6u 
HM ecT M^TO npH HajiHqHH HeöojibiuoH pHpKyjiflUHH nocjie paöoqero 
KOJieca. KaK noKasbmaKDT onbixHbie HccjieAOBaHHa rHÄpoxypÖHH Knn 
npHMOocHbix oxcacbmaiomHX xpy6 tjotc = 0,75 -- 0.85, a HsorayxoH 
rioTc — U,b 0,8. SHaqeHHH KOZi; saBHCHx ox pasMepOB h peiKHMa 
paooxbl THÄpOXypÖHH. riOÄpOÖHbie HCCJICÄOBaHHfl OXCaCbIBaRDmHX xpv6 
pasjiHqHbix XHnoB BbinojiHeHbi R. A. ByxaeBbiM b MBTY. 

§ 81. BjiHHHHe OTcacfciBaiomeH Tpyöti 
Ha xapaKTepHCTHKH rn^^poTypÖHHBi 

BjiHHHHe rHApaBJiHqecKHX KaqecxB oxcacbmaiomeH xpy6bi na snep- 
rexHqecKHe, KaBHxapHOHHbie h nyjibcapHOHHbie xapaKxepHcxHKH rnapo- 
xypoHHbipaccMoxpeHo b paöoxax [1; 6; 23; 28]. OxHOCHxe/ibHbie pasMepbi 
oxcacbiBaiomeH xpyöbi HaxypnoH rHApoxypÖHHbi Moryx HecKoibKO ox- 

.HHqaXbCH OX MOÄCJIbHblX. B CBH3H C 9XHM CJiej^yeX OUCHUTb BJIKJIHHe 
ocHOBHbix pasMepoB oxcacbiBaiomeij xpyöbi (Bbicoxbi, aJIhhbi h np ) na 
SHeprexHqecKHe h KaBHxapHOHHbie xaqecxBa HaxypnoH rHApoxyp^HH 
l aKOH noÄXOA nosBOJiHx npaBHjibHo BbiÖpaxb onxHMajibHbie thb h pas¬ 
Mepbi oxcacbiBaiomeH xpyöbi HaxypnoH xypÖHHbi. 

™ÄP0Typ6HHbI. BBIflCHeHHa 

POJIH oxcacbiBaiomeH xpyöbi h ee oxAejibHbix sjieMenxoB b paöoqeM npo- 
uecce peaKXHBHOH rHApoxypÖHHbi b JiaõopaxopHH XHApoxypÖHH npo- 
HSBOACXBeHHOrO OÖteAHHeHHH «JleHHHrpaACKHH MexajIJIHqeCKHH sa- 
BOA» obiAH npoBeACHH cneuHajibHbie HccjieAOBaHHH na MOAeJiax pa- 
AHaJIbHO-OCCBblX THApOXypÖHH CpeAHefi ÖblCXpOXOAHOCXH (tIs = 220) 
cJHeprexHqecKne xapaxxepHcxHKH moacjih onpeAejiHJiHCb Öes oxcacbi- 
BaiomeH xpyöbi, c bxoahhm KonycoM xpyöbi, c bxoahhm KonycoM h ko- 
"" HopMa^bHOH oxcacbiBaiomeH xpyöOH (bxoahoh KOHyc, koabho 
H BblXOAHOH AHCjxjiysop). HcCJICAOBaHHH COHpOBOÄAaJIHCb SaMCpOM nOJIH 
CKopocxeH H AaBJieHHH B pasjiHqHbix ceqeHHHX xpyöbi c uejibio onpeAe- 
JieHHs BejiiPiHHbi cyMMapHOH KHHexHqecKOH oHepxHH noxoKa h ee 
cccxaB.XHiomiiXDy2^ h vll2g. 

Kax noKasajiH pesyAbxaxbi HcnwxaHHH, HaHöojibuiee naAenne Kn/I 
MOAe.iH öes oxcacbiBaiomeH xpyöbi HMeex Mecxo na pe>KHMe MaKCHMa.xb- 
noH MomHocTH. TAC oponycKHafl cnocoÖHocxb xypÖHHbi HaiiÖOAbUiaH 

npiiBCAeiiHoro pacxoAa pasHHua b KUR no cpaBHe- 
TypÖHHbl CXaHOBHXCH MeHbHie. npH ycxaHOBKC 
MPORO OTcacbiBaiomeö xpyöbi KUR moacjih Öblt npii- 

^ ® cjiyqae ee HcnbixaHHH c oÖbiqeoH hsofhvxoh 
T pyÖOH. HcnbixaHHH moacjih c bxoahhm AH^XfiysODOM 
H KOJienoM BbiHBHAH HCKOxopoc naACHHc KHZl xypÖHHbi Ha bSc pekn- 


3}8 


Max. ycxanoBKa blixgahofo AH(|x|)y3opa oöecneqHAa Hexoxopoe yBCJiH- 
qeHHe KFI/l xypÖHHbi. 

iXsHHbie HccAeAOBaHHH nojiH CKopocxcH B ceqeHHHX noxoKa na 
BXOAe H BbixoAe h 3 oxcacbiBaiomeH xpyöbi noKaaaAH cAeAyiomee. Ha 

ü" 

pemHMe MaKCHMaAbHOH MomnocxH KHHexHqecKan SHepxHH ~ na BXOAe 

B oxcacbiBaiomyK) xpyöy cocxaBAHAa, npHMepHO, 90 -t- 95% ox noA- 
HOH KHHexHqecKOH SHepxHH noxoKa H 5 6% ox Hanopa na xypÖHHe. 

Ha onxHMaAbHOM peJKHMe noxoK nocAe paöoqero KOAeca öha npaxxH- 
qecKH oceBOH,^ a nepaBHOMepHocxb cKopocxefl na BxoAe h BbixoAe h3 
oxcacbiBaiomeH xpyöbi — MHHHMaAbHOH. Paöoxa xvnöHHbi TT51 

^ *«/ -- - J ^ 

qacxHHHOH HarpysKH conpoBOÄAHAacb öoAbuioft saKpyxKOH noxoKa 

nocAe paöoqero KOAeca h nepaBHOMepHbiM . __ 

noAeM CKopocxeö na BxoAe h BbixoAe hs ^ 
oxcacbiBaiomeH xpyöbi. OpH sxom KHHexH- ^ 


qecKan SHeornH 


Ha BxoAe B oxcacbi- 


Baiomyio xpyöy öbiAa okoao 70—80% ox ® 

cyMMapHOH BeAHqHHbi KHHexHqecKOH 9Hep- ^ - f200- 

FHH. TaK KaK SHeprHH PHpKyAHUHOHHOrO 2 ^ -" m 

noxoKa HSOFHyxoH oxcacbiBaiomeH xpvöofl n - 

noqxH He BOCCxaHaBAHBaexcH, KUR moabah 2ft ^5 

pesKO yMeHbiuHJics. OpH HeflorpysKe xyp- , 72 . B™e oTHocHT«.b- 

öHHbi noxoK Ha BXOAe b oxcacbiBaiomyio hoh ebicotu oxcacbiBaiomefi 
Tpyöy BpamaACH no qacoBoö cxpcAKe (KaK Tpyöbi na Krm TypöHHbi. 

H paöoqeeKOAeco). Ha peACHMCMaKCHMaAb- 

HOH MOmHOCXH (sOHa y AHHHH OrpaHHqCHHH MOmHOCXH) noXOK nOCAe 
paöoqero KOAeca BpamaACH npoxHB qacoBofl cxpcAKH, qxo BbiSBaAO 
SHaqHxcAbHoe yBCAHqcHHe HepaBHOMepnocxH pacnpeAeACHHH cKopo- 
cxeft Ha BbixoAe h 3 oxcacbiBaiomeH xpyöbi. 

Rjin BbiHBAeHHH BAHHHHH pasMcpoB oxcacbiBaiomeH xpyöbi Ha xapaK- 
xepncxHKH xypÖHHbi h ero yqexa npH npoeKxnpoBaHHH npoxoqKofi qacxH 
HaxypHblX THApOXypÖHH ÖblAH HCriblXaHbl MOAeAH c oxcacbiBaiomHMH 
xpyöaMH paaAHHHbix xhhob. Hpn BbiöpaHHOM xnne KOAena hocacao- 


BaxeAbHO H3MeHHAHCb BblCOXa H AAHHa xpyöbi; KpOMC xoro, OnpCACAH- 
AHCb XapaKXepHCXHKH xypÖHHbi npH yCXaHOBKe ÖHAKOB (cxpOHXCAbHblX 
onop) B oxcacbiBaiomeH xpyöe h öes hhx. YcxaHOBAeHO, qxo aah aocxh- 
JKCHHH MaKCHMaAbHoro KH/I. KaHvAoe paöoqee KOAeco aoaäho hmcxb 
onpeACAeHHyio oxcacbiBaiomyK) xpyöy. HaHÖOAbinee bahhhhc na KH/T, 
xypÖHHbi oKasbiBaex Bbicoxa oxcacbiBaiomeH xpyöbi (pnc. 172). Dpii 
yBCAIiqeHHH OXHOCHXeAbHOfi BblCOXbl /l/Dj KHiX xypÖHHbi SHaqHXeAbHO 
noBbimaexcH [23]. YBeAHqeHHe A«^HHbi xpyöbi xaiüKe npHBOAHx k pocxy 
KHZl, HO B MeHbineH cxeneHH. YcxaHOBKa öbihkob b bbixoahom AHiJxJiy- 
30pe BeAex k HCKOxopoMy naACHHio KH/l, xypÖHHbi. 

Thh oxcacbiBaiomeH xpyöbi, ee pasMepbi h pexvHM paöoxbi xypÖHHbi 


BAHHKDX Ha BCAHqHHy HOXepb SKCprHH H BbISbIBaiOX HSMeHeHHH K03{])- 
iJlHUHCHXa BOCCXaHOBACHHH XpyÖbI Ha BCAHqHHy At]otc. KHTI xypÖHHbi 
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npH 3TOM HSMeHHeTCH Ha BeJIHHHHy 


At] = ATjoTctts ^ • (454) 

B npaKTHKe npoeKTHpOBaHHH npoTOHHofi qacxH HaxypHbix XH^ipo- 
XypÖHH BOSMOÄHbl HeKOXOpblC HSMeHeHHH OXHOCHXeJIbHbIX paSMepOB ox- 
cacbiBaiomeö xpyöbi no cpaBHCHHK) c MOAejibHbiMH AaHHbiMn. Flpn h3- 
MeHeHHH njiomaÄH BbixoÄHoro ceqeHHn oähoh h xoh me oxcacHBaiomeH 
xpyöbi Kn/1. xypÖHHbi hsmchhxch na BejinqHHy 

= (455) 

FÄe Fibmx — njiomaÄb BHXOÄHoro ceqeHHH hcxoähoh oxcacbmaiomeH 
xpyöbi; F 2 Btix — njioma^b BHXOÄHoro ceqeHHH oxcacbmaiomeH xpyöbi 
c HSMeHCHHbiMH pasMcpaMH BbixoÄHoxo ÄH^^tJ^ysopa; Q — pacxoÄ nepes 

xypÖHHy. 

KaBHxauHOHHbie xapaKxepHcxHKH. B saBHCHMocxH ox napawexpoB 
jionacxHOH CHCxeMbi paöoqero KOJieca, pasMepoB oxcacbmaiomeH xpyöbi 
H pemHMa paöoxbi xypÖHHbi MaKCHwajibHoe na;ieHHe AaBJieHHH b noxoKe 
HMeex Mecxo b paöoqeM KOJiece hjih Ha bxoäc b oxcacbmaiomyio xpyöy. 
npH onpeÄCJieHHbix ycjioBHHx aöcojiioxHoe ÄaBJienne b sxhx Mecxax 
MOHcex ÄOCXHqb ÄaBJieHHH napooöpasoBaHHH, npn sxom b noxoKC boshh- 
Kaex KaBHxaiiHH. Ecjih KaBHxauHOHHan sõna oxBaxbmaex snaqnxejib- 
Hyio qacxb Jionacxefi hjih bxoähofo ceqeHHH oxcacHBaiomeH xpyöbi, 
MomHocxb H KnZI, xypÖHHu na^aiox (cm. § 30). BejiHqnna ÄaBJieHHH 
B paöoqeM KOJiece h Ha buxoäc h 3 nero b BHaqnxejibHOH Mepe bbbhchx 
ox pa3pemeHHH, co3ÄaBaeMoro oxcacbmaiomeH xpyöoH. CorjiacHO ypaB- 
HCHHio (445) H c yqexoM HepaBHOMepnocxH pacnpe^ejieHHH CKopocxeö 
Ha Bxo^e H BbixoÄe h 3 oxcacbmaiomeH xpyöbi ^aBJieHHe noÄ paöoqHM 
KOJiecoM (npH Zs ^ Hs) onpeÄeJiaexcH no (JiopMyjie 



CjieÄOBaxejibHO, yjiyqmeHHe rHÄpaBJinqecKHX KaqecxB oxcacbmaio- 
meö xpyöbi (yMeHbmeHHe ee BHyxpeHHHX h Bbixo^Hbix noxepb sneprHH) 
npHBOÄHx K öojibmeMy noHHHceHHio ÄaBJieHHH no^ paöoqnM kojiccom. 
C oähoh CTopoHbi, 3X0 oöecneHMBaeT yjiyqmeHHe 3HeprexHqecKHX noKa- 
aaxejieö xypÖHHbi, a c Äpyron cxopoHbi, Momex npHBecxH k yxyAuieHHio 
ee KaBHxauHOHHHX xapaKxepHCxnK. Ecjih o^HonpeMenno yjiyqmaexcH 
noTOK Ha Bxo/i,e h bbixoäc h 3 oxcacbmaiomeH xpyöbi (yMCHbmaioxcH 3Ha- 
qeHHH «3 H ag), MecxHoe na^enne j^aBJieHHH no^ paöoqHM KOJiecoM cxa- 
HOBHXCH MeHbme, H KaBHxaiiHOHHbie CBOHCxBa xypÖHHbi yjiyqmaioxcH. 

Ecjih npe^nojiOÄHXb, qxo KaBHxaiiHH BOSHHKaex bo bxo/i,hom ceqe- 

HHH oxcacbmaiomeH xpyöbi npn = hs ypaBHCHHH (456), yqn- 
xbiBan (449), cjie^yex (nojiaran Ot = Oycr = o^Kp), qxo 

FaTM-^s-Frf 

H —'noTcO-3^ 


t 


t 
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HJIH 


^ioTO — boreas ^ 


(457) 


CjieÄOBaxeJibHO, na KaBHxauHOHHbie xapaKxepncxHKH xypöinibi 
SHaqnxejibHo bjihhiox XHjipaBJiHqecKHe KaqecxBa oxcacbmaiomeH xpyöbi, 
xapaKxepnayeMbie ee t]otc. 

C yqexoM MecxHoro naj^eHKH jiaBJieHHH b roxoKe npn oöxeKaHHH 
jionacxcH paöoqero KOjieea [28] nojiyqaiox öojiee xoqnoe BbipameHne 
KaBHxauHOHHoro K03(]xj3HnHeHxa oceBOH xypÖHHbi (cM. § 31): 


LJ _ 

' aTM — 


, 2 2 2,2 2 
+ — 


+ 'Qk-5h' — {h\ — hk), 


r^e aöcojnoxHoe ;iaBJieHHe b xoqxe /C, b KoxopoH CKopocxb 

MaKCHMajibHa. 

yqHXbiBan, qxo Uk ^ — h no;i,cxaB./iHH snaqeHHe oxhoch- 

£ 

V 

xejibHbix noxepb Cft-5= (1 — "ojiyqaiox (npeneöperan 


^ ^axM — w\ 




riojiaraH, qxo KaBHxauHH BosHHKaex, npexKji,e Bcero, na paöoqeM 
KOJiece npn , onpeÄejimox KaBHxaimoHHbiH KostJi^iHUHeHT 

xypöHHu: 


FaTM-^s-Frf 


3 2 2 

Wu — W 

^ + 2gH ^ ’ 


(458). 


oxKyAa cjie^yex, qxo, npHHHMan cig; ^ tig, nojiyqHM 

+ a2p (459) 

Ha ypaBHeHHH (459) cjie^yex, qxo KaBHxannoHHbie xapaKxepncxHKH 

xypÖHHbi onpejiejiHioxcH KaBHxaiiHOHHbiMH KaqecxBaMH oxcacbiBaiomeH 
xpyöbi h paöoqero KOJieea 02 

npH npoeKXHpoBaHHH npoxoHHOH qacxH naxypnoH rHApoxypÖHHbi 
BOSMOJKHbi HeKOxopbie HSMeHeHHH oxHocHxejibHbix pasMepoB oxcacbi¬ 
BaiomeH xpyöbi, BbiSBaHHbie cooöpameHHHMH komhohohkh säshhh' 
r3 C. Ecjih BejinqHHy KaBHxaiiHOHHoro KOscJiiJiHUHeHxa HcnbixaHHoft mo- 
ÄCJiH xypÖHHbi Ha Ä^HHOM poKHMC oöosHaqHXb qepes o^, a qepes Og — 
ero BejiHqnny jipH HSMeneHHbix pasMepax oxcacbiBaK)Lii.eH xpyöbi, xo. 
Hx oxHomeHHe (cm. ypaBHCHHe (457)): 
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t>TKyÄa 

_ , -QioTc {^svl/2gH\ 

<^2otc ^loTC (^asvl/2gH)^ * 


(460) 


To^iHoe onpeÄejieHHe SHaqeHHH pacqeTHbiM nyxcM BecbMa saxpyÄ- 
HHxejibHO, xaK KaK CBBsaHO c BbmHCJieHHCM BXOÄBIII.HX B ypaB- 

HCHHe (460). noaxoMy npaKXHqecKH saÄaqa pemaexcn nyxcM npoBe^e- 
HHB HOBbix KaBHxaiiHOHHbix HccjieAOBaHHÖ MO^e^iH c HSMeHeHHOH oxca- 
cbiBaiomeö xpyöoH. 

^yJlfaca^HOHHue xapaKxepHcxHKH [ 1 ]. nepHo;iHqecKoe HSMeHeHHe 

tTQ»n TT.-.TTTT.-r X, n o. OO r\ <3 ^Tl M OTCS* <^l'TPin TAT TT PH TTTVÖP 

onpeÄGJieHHbix peJKHMax paöoxbi xypÖHHu 
BbisHBaexca pflji,OM rHj^poÄHHaMHqecKHX 
npHqHH. OöbiqHO HaHÖojibuiee BJiHBHHe 
na BejiHqHHy HHSKoqacxoxHbix nyjibcauHH 
AaBJieHHB OKasbmaex Bpam.eHHe noxoKa 
Ha BbixoAe H3 paõoqero KOJieca, npHBO- 
ÄHiuee K oöpasoBaHHK) xcryxa b oxcacbi- 



Ap 



Phc. 173. Cxewa ycTaHOBKH 

JiaTiIHKOB ÄaBJICHHH B OTCa- 
cbiBaiomeH Tpyöe: 

/; 2; 3; 4 — Meeta ycxaHOBKH 

ASTiIHKOB. 


Phc. 174. nyJifacauHH ÄaBjieHHä b noiOKe 
3a pa6o«iHM KOJiecoM: 

/; 2; 3; 4 — KpHBbie noKaaanHÖ cooTBetcTByio- 
mnX AatHHKOB. 


■BaiomeH xpyöe. Onpe/iBJieHHG aMnjiHxyAbi h qacxoxbi nyjibcaiiHH 
ÄaBJIGHHH Ha paSJlHHHblX pe>KHMaX paÖOXbl HBJIfleXCH H^bK) npo- 
BeAGHHH CneUHaJIbHblX MO/ieJIbHbIX H HaxypHbIX HCHblXaHHH. SaMepbl 
nyjifacaiiHH AaBJieHHH npoBOA^x b onpeAGJieHHbix Mecxax npoTOHHOH 
qacxH (rjiaBHbiM oöpasoM, na BbixoAe hs paöoqero KOJieea h b oxcacbiBa- 
K)Uj,eH xpyöe), r/ie ycxanaBJiHBaiox cneuHajibHbie ;i,axqHKH jiaBJieHHH 
(pHC. 173). BejiHHHHbi nyjibcauHH AaBJieHHH Ap na HCCJie^yeMbix pe- 
HiHMax sanHCbiBaiox npn noMomH mjieH{})OBoro ocH,HJiJiorpa(})a h npeA- 
cxaBJiHiox B öespasMepHOM bhäg: 

p = ^100%;Z = ^100%, (461) 


A — aMHJiHxyfla MSMCHeHHa ÄaBJieHHH; H — nanop na xypÖHHC. 
OojiyqeHHbie ;i,aHHbie pa^a pejKHMOB (pHC. 174) nepenocHX na 
nojie yHHBepcajibHOH xapaKxepncxHKH moa^ah xypÖHHbi b bhag KpH- 
Ebix Ap = f {Q{; m'i) = const. 

522 


TIjib HaAcacHOH paöoxbi XHApoarperaxa npH pasjinqHbix narpysKax 
I H Hanope hgoöxoahmo Bbiöpaxb (hjih paspaöoxaxb) xaKyio npoxoaHyio 

j qacxb, Koxopaa oöecneqHBajia öh MHHHMajibHyio HecxauHonapHOCXb 

1 noxoKa. KaK noKasaAH Aaöopaxopnbie h naxypnbie HcnHxaHHH, pemaio- 
I mee BAHHHHe na BejiHHHHy nyAbcaixHH AaBAeHHH b noxoKe OKasbiBaex 

AonacxHaa cHcxeMa paöoaero KOAeea. OAnaKo oxcacbiBaK)m.a 5 ! xpyöa h, 
npeJKAe Bcero, ee Bbicoxa xaKAte bahhgx na nyAbcauHOHHbie xapaKxe- 
pHcxHKH xypÖHHbi. FIpH yMeHbuieHHH Bbicoxbi oxcacbiBaiom.eH xpyöbi 
HecxaHHOHapHocxb noxoKa sa paöoaHM koagcom, ksk npaBHAo, Bospa- 
cxaex, ocoöeHHO npn yBeAHqeHHH nanopa na xypÖHHe. XaK ksk Bpa- 

* meHHe noxoKa sa paöoqiiM koagcom h BHSbiBaeMaH hm H^ryxosaB nyAbca- 

* UHA Ha HepacaexHbix pexcHMax öoAbUie y JKecxKOAonacxHbix xypÖHH no 

I cpaBHCHHK) c noBopoxHOAonacxHbiMH, xo A-aa xoro axoöbi nyAbcauHH 

AaBAeHHH B noxoKe naxoAHAacb b AonycxuMbix npeAeAax (0,02^-0,05)//, 
OTcacbiBaiomHe xpyöbi paAnaAbHo-oceBbix xypÖHH BbinoAHsnox öoAb- 
mefi OXHOCHXeAbHOH BblCOXbl (h >. 2,6 D^). BAHHHHe BblCOXbl oxcacbi- 
I Baiomefi xpyöbi na SHeprexHqecKHe xapaKxepHCXHKH paAHaAbHO-oee- 

BUX xypÖHH HOpMaAfaHOH H HH3K0H ÖblCXpOXOAHOCXH OXHOCHXeAbHO HC- 
BeAHKo, H MomHO öbiAo öbi npHHHXb oxcacbiBaiomyK) xpyöy MeHbiiieH bh- 
coxbi (h = 2,3 Dj), HO npH axoM yBeAHHHBaexcH nyAbcauHH AaBAeHHH 
sa paöoHHM KOAeeoM. /Jah oeeBux noBopoxHOAonacxHbix xHApoxypÖHH 
c neAbio oöecneqeHHH bbicokhx SHeproKaBHxauHOHHbix KanecxB Bbicoxy 
oxcacbiBaiomeH xpyöbi npHHHMaiox h = (2,2 -i- 2,6) D^. 

OriHXHbie HCCAeAOBaHHH MOAeAbHbix H HaxypHbIX xHApoxypöHH no- 
KasaAH, qxo HaHÖoAbiuan HecxauHOHapnocxb Ha nepacqexHbix pencHMax 
HMeex Mecxo sa paöoqHM koagcom h b oxcacuBaiomeH xpyöe. j3,AH oee- 
Bbix xypÖHH >KryxoBaii nyAbcauHA sa paöoqHM koaccom mojkgx cocxaB- 
AHXb (0,15 -h 0,4) //; B Mecxe saMbiKauHH BHxpeBoro acryxa na cxeHxe 
xpyöbi 0,7//. B paAHaAbHo-oceBbix xypönnax i-ia HepacaexHbix pejKHMax 
BeAHqHHbi nyAbcauHH AaBAeHHH sa paöoqHM koagcom Aocxnraiox (0,2 h- 
-b- 0,25) H H öoAee. Ha onxHMaAbHOM pejKHMe paöoxbi nyAbcaii.HH asb- 
AeHHH MHHHMaAbHbi (0,01 -j- 0,03) H. BeAHHKHa nyAbcauHH AaBAeHiiJi 
no AAHHe xpyöbi saMexHo yöbiBaex. OAHaKo b Mecxe noBopoxa noxoKa, 
Ha BHyxpeHHefi noBepxHocxH KOAena, OHa onaxb yBeAHqiiBaexcsi [6]. 

Hs H3Ao>KenHoro CAeAyex, qxo A-^a noAyqeHHH HaHAyqiuHx xapaK- 
xepHcxHK xypÖHHbi KaJKAOMy xiiny paöoqero KOAeea aoajkhs cooxBexcx- 
I BOBaxb oxcacbiBaiomaa xpyöa onxHMaAbHbix (JiopM h pasMepoB. 

§ 82 . Bbiöop THna h pasMepoB HsorayTbix oxcacbroaiomHx xpyö 

Ksk oxMeqeHO Bbime, HsoxHyxaa oxcacbiBaiomaa xpyöa cocxohx hs 
bxoahoxo KOHyca, KOAena h BbixoAHoro AH^xJiysopa. BeAHqnna ee bxoa- 
Horo ceqeHHH onpeAeAnexca pasMepaMH h oqepxaHHGM hoaocxh pa¬ 
öoqero KOAeea; BbixoAHoe ceqeHHe oxcacbiBaioiii.eH xpyöbi onpeAe- 
AHexcH HO HSBecxHOMy sHaqeHHK) pacqexHoro pacxoAa qepes xypönny 
H npHHHXOH BeAHHHHe BblXOAHOH CKOpOCXH (pHC. 168). XaKHM OÖpa- 
30M, cxeneHb paciUHpeHHH noxoKa n — FJF^ b oxcacbiBaioiii.eH xpyöe 
HSBecxHa. SaAaBHiHCb snaqeHHeM sKBHBaAenxHoro yrAa pacmnpeHHH 
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03*. OTcacHBaiomeH rpyöbi, BUHHcnniOT nojiHyio wiHHy TpyÖH 
BMJib ee ocH (CM. ypaBHeHHe (447)). OpH HSBecTHUx BejiHBHHax f 3. 

f6 H i«: HeOÖXOÄHMO npHHBTb; OTHOIIieHHe h/Loc MeJKfly BHCOTOH OT- 
cacbiBaSiaefl xpyöbi h ee wiHHofi; cooTHomeHHe Me*fly bhcotoh bxoä- 
Horo nHdxbysopa h KOJiena b saBHCHMOCTH ot hlLoz\ sanoH pacnpe^e- 
Sh Saaeü Bfloab och orcacHBaiomefi xpyÖH. Ecau BHCOxa h xbh 
KOJ ieHa npHHHXH, Bucoxa bxoähoxo Konyca h» h ero yroa P onpeAeJiH 

■OXGH OAHOaHaHHO. __ oaCTH 


B OTeiecTBeHHOH npaKXHxe npoeKXHpoBaHHH npoxoHHofi hbcth 
rHADoxvDÖHH BPH onpeA&xeHHH pasMepoB oxcacHBaiomHX xpyo boab 

3yS-ToTa~> ^aHAapxPM, KOXopb,fl coAepKHX peKCMeHAauBH 



Phc. 175. HopMajiHso- 
BaHHOe KOJICHO 4-h 
cepHH 


no Bbiöopy THna oTcacHBaiomeH xpyÖH ho- 
MCHKJiaTypHbix paöoqnx KOJiec h onpeAeJienHW 
ee ocHOBHbix reoMexpnqecKHX cooTHomennH: 
BbicoTH, ÄJiHHbi, THna KOJieHa, yrjia BXOÄHoro 
KOHyca, sKBHBaJieHTHoro yrjia paciuHpeHHio 
noTOKa H ÄP- 1231. npHMeHaeMbie Tnnbi KOJien 
4-h cepHH (pHC. 175) hmciot onpeÄCJieHHbie 
reoMerpHqecKHe pasMepbi (TaÖJi. 44) h saKOH 
nacnpeAeJieHHH njiomaAefl BAOJib och. OopMbi 
KOJieH 4-h cepHH paspaöoTaHbi b pesyjibxaxe 
MHoroHHCJieHHbix HCCJieAOBaHHH MOAeJieH xHApo- 
xypÖHH (HOBbiH oxpacJieBOH cxaHAapx oxcacbi- 
BaioiuHX xpy6 sHannxeJibHO pacuinpen). 

npH BHÖope BHCOxbi oxcacHBaiom€H xpy- 
6bi h pyKOBOÄCXByioxcH cjieAyK)ii;HMH cooöpax^e- 
HHHMH. C OäHOH cxopoHbi, yBCJiH^HeHKe h npH- 

__ _ 7 ^ 14 T-fcT 


boähx k yjiy^meHHio xapaKxepHCXHK xypö^bi 
(OHC 172); c ApyroH — noBbimaex croHMOCxb coopyÄCHHH sAaHHH l 
nosxoMy Bbiöop ra6apHXHbix pasMcpoB oxcacHBaiomHX npoBO- 

ÄHXCH Ha OCHOBaHHH XeXHHKO-SKOHOMHqeCKHX pac^cxoB. ' 

noBopoxHOJionacxHbix rHApoxypÖHH npHHHMaiox h < 

AHajibHO-oceBbix h > 2,6Di. B ocoöbix cjiynanx c uejib y „prxH 5 iTb 

CXOHMOCXH sAaHHH r3C Bbicoxy OTCaObIBaiOIKeH X^6bl M^HO 

MeHbineH- noBopoxHOJionacxHbix xypÖHH h — AJ 1 

ÄhSo oc^bhx - ft = 2.3 (xaÕA. 45. 46). OpH ycxaHOBKe arperaxoB 

noAseMHbix rSC Bbicoxy xpyöbi npHHiiMaiox ne Menee 

Jljiwy oxcacbiBaiomeH xpyöbi cJieAyeT npHHHMaxb. A^fl noBopox 

jionacxHHX xypönH L > (4,0 -4- 4,5/Di), A-hh P'^^ 

L> (4 0^5,0) Dx. UlnpHHaxpyöbi B nJiaHe: AJiflnoBopoxHOJionacxHbix 

_ R '^('2 5—2 7) Dr AJi^i paAnajibHO-oceBbix xypöiiH 

jö (2 7^3 3) Dl YroJi pacuiHpeHHH bxoahoxo An^tJ^ysopa Ha oAny 

cxopoHy: w-h o;äcb.BaK>mHX xpy6 noBOpoxHOAonacxHbix xypÕBH 
R = 8 _i_ 10°; AJifl paAHaJibHO-oceBbix — p < ö -v- J - 
PasMepbi oxcacbiBaiomeH xpyöbi, xhh KOJiena h 
paiox B coOTBexcxBHH c npHHflxbiM XHBOM paGoHefo KOASca r »P >P 
Lhbi (cm. xaÖA. 44. 45. 46). PeKOMeHAyexca BHCoxa KOAena cep 
= D 4 c yrjiOM pacKpbixHH b nAane -a — 34 56 . ÄnaMexp A 
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Taõmi^a 44. Ochobhwc pas-Mepbi KojieH 4 -h cepHH (ajiji TypöHHbi Di = I m) 


Xhh 

KOJieHa 

M 

M 

M 

M 

A., 

M 

<7. 

M 

j 

M 

M 

^7. 

M 

CLz, 

H 

R., 

M 

4.4 

1,1 

1.1 

2,2 

1,417 

0.55 

0.305 

0,94 

1,205 

0.66 

0,087 

0.637 

4C 

1,17 

1.17 

2,38 

1.5 

0.584 

0,922 

1 

1,275 

0,703 

0,0934 

0,677 

4E 

1,23 

1,23 

2,5 

1.59 

6,617 

0.446 

1,06 

1.35 

0.745 

0,0977 

0,71 

AH 

1.352 

1,352 

2,74 

1,75 

0,67 

0,487 

1,16 

1,478 

0,875 

0,107 

0,782 

20 

1,04 

1,04 

2,17 

1,41 

0,51 

0.369 

0,879 

1,135 

0,84 

0,0803 

0,59 


TaÕAUiia 45. OcHOBHue pasMepbi HaorHyrux oTcacbisaioi4HX rpyõ 
noBopoTHOJionacTHbix Typ6HH (no aaHHUM npoHSBoacTBeHHoro o6i>eiiHHeHHSi 
«JleHHHrpaACKHH MCTajUIHHeCKHÜ saBOA») 


Thh 

Tpyöbj 

h 

Di 

M 

h, 

M 

L, 

M 

B,. 

M 

M 

Aa. 

M 

M 

M 

M 

Thh 

paöoxiero 

KOJTeca 

4.4 

1,915 

1,000 

1.915 

3,500 

2.200 

1,100 

1,100 

0,550 

1,417 

1,000 

nji30, 

nji50 

4C 

2.300 

1,000 

2,300 

4,500 

2.380 

1,170 

1.170 

0,584 

1,500 

1,200 

nji 2 o, 

nJi30 

AD 

2,500 

1.000 

2,500 

4,500 

2,500 

1,230 

1,230 

0,617 

1,590 

1.200 

njiio, 

nji 2 o 


TaÕAuiia 46. OcHOBHue pasMepu HsorHyrbix rpyõ paAHajibHO-occBbix rypÕHH 
(no AHHHbIM npOHSBOACTBeHHOrO o6l>eAHHeHH5I 
cJIcHHHrpaACKHH MerajiaHHecKHH saeoA») 


Tkh 

Tpyöbj 

h 

Di 

M 

M 

L, 

M 

B,. 

M 

M 

*4. 

M 

M 

M 

Aa. 

M 

Xhh pa- 

6 o>iero 

Kojieca 

20 

2,3 

1,000 

2,300 

3,500 

2,170 

1,040 

1,040 

0,510 

1,410 

0.937 

PO170. 

PO230, 

PO310, 

4E 

2,3 

1.000 

2,300 

4,500 

2,500 

1.230 

1,230 

0,617 

1,590 

1,200 

POI 15, 
POI 70. 

4H 

2,5 

1,000 

2,500 

4,500 

2,740 

1,352 

1,352 

0,670 

1,750 

1,310 

P045, 
P075, 
P0115, 
POI 70 


Horo ceqeHHH KOAena npH = D 4 h BbiöpaHHbix Bbicoxe OTcacbmaio- 
men xpyöbi h h yxAe p° onpeAeAnexcH no (|)opMyAe 



g3+(fe-s)2tgp 

l4-2tgp 


(462) 


FAC s — paccxoHHHe ox HHjKHeö nAocKocxH HanpaBAHiomero annapaxa 

AO BXOAHoro AH(J)43y3opa. IlpH ^ D 4 


D 4 = 2 tg P (/z — /i 4 — s) -f D 4 . (463) 


ZlAHHy KOAena npHHHMaiox paBHOH < (1,3 1,6) D 4 [23]. 

JXjIR BHCOKOHanopHblX XHApoxypÖHH (H > 200 m) npHMeHHIOX ox- 
cacbiBaioiAHe xpyöbi ynpomeHUbix (|)opM, oöecneHHBaioiii,He MeHbmyio 
uiHpHHy B nAane. Koabho oxcacbiBaiomeH xpyöbi BbicoKOHanopHOH xyp- 
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ÖHHbi {H = 230-f-700jw) oöbWHO BbinojiHJiioT Kpyrjioro ce^eHHJi h no- 
CTOHHHoro ÄHaMeTpa. 

njIHHa BblXOÄHOrO ÄHCM^ySOpa SaBHCHT OT npHHJITOH ÄJIHHbl OTCa- 
cbmaiomeft Tpy6bi h rana KOJieHa: pasMepbi ero BXOAHoro h BbixoÄHoro 
ceqeHHH HSBecTHbi (BXOÄHoe ceqeHHC onpeAeJiaexca pasMepaMH npHHa- 
Toro KOJiCHa, a BbixoÄHoe — npHHBTofi cKopocTbio Ha BbixoAe hs ot- 
cacbmaiomeH Tpy6bi). SKBHBaJieHTHbifi yroji pacniHpeHHH noTOKa b bh- 
xoähom ÄHdxbysope npuHHMaioT 10 -f- 14 . Ecjih õoKOBbie ctchkh äh(|)- 
Ayaopa napa;i/[eJibHbi, a ero ocHOBaHHe ropHSOHTaJibHO, yroJi nofl-^Ma 
noTOJiKa ÄHdxbysopa paBCH sKBHBaJieHTHOMy yrjiy pacniHpeHHH. Upu 
HflKjTOHHOM ocHOBaHHH ÄH4xl)y30pa ypoji HOÄbeMa npHHHMaioT He Õojiee 
6 12°. OnopHbie Ohhkh, ycTanaBJiHBaeMbie b bhxoähom 

npH > 10-r- 12 jw, BbinoJiHfliOT tojiiuhhoh o — (0,1 -^-0,lo) r>5- 
PaCCTOHHHe OT BXOÄHOH KpOMKH ÕblHKa JIP OCH XypÖHHH ÄOJUKHO ObITb 

He Menee 1,4 Di- 

§ 83. OTcacbiBaion^He TpyÖM KancyjiBHbix rn^po^eraTOB 
H pacTpyÖHbie TpyÖBi BepxHKaJibHMX rHÄPOTypuHH 

' npHHUHHHaJIbHOe yCTpOHCTBO TOpHSOHTaJIbHblX KaHCyJIbHHX THApO- 
arperaTOB h hx cpaBHeHHe c oOhhhhmh BepTHKaJibHbiMH oceBbiMH Typ- 
OHHaMH paccMOTpeHO BO BBeAeHHH (cm. § 7). Oähhm h 3 npeHMymecTB 
npoTOHHOH qacTH KancyjibHbix rHÄpoarperaxoB hbjihcxch npaMoocnaa 
oTcacbiBaiomaH xpy6a, noxepH sneprHH b Koxopofi snaqHxeJibHO MeHbine, 



Phc. 176. CpaBHeHHe SHepreTHnecKHX h KaBHTauHOHHbix 
KauecTB rHÄpoTypõHH. 

/_BepTHKajibHofl occboA; 2 — KancyJibHoA rypÖHHH. 

qeM B HSorHyTOH oTCacbiBaroiueii xpyöe. 3 to “öCTOHTMbCTBO rnsBoaasT 
cymecTBeHHO yBeJinqHXb nponycKHyio cnocoÖHOcxb, MomHocxb h 

XypÖHHbl (pHC. 176). „ ^ r- 

JlyqiuHe rHÄpaB/EHqecKHe xapaKxepHCXHKH HMeex " P ^ ^ ^ o c 

Haa KOHHqecKaa oTcacbiBaiomaa xp Y ptooh- 
177, ä), OÄHaKO ee npHMeHenHe cBHsano ^ ÄonoJiHHX^bHbiMH cxpoH 
xen^HbmH pacxoflaMH b cbhsh c Oojibuihm oöbeMOM paOox no coopy^e- 
HHIO SÄaHHH r3C npH ycxaHOBKe BepxHKaJibHHX rHApoxypOHH. llpH 
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ÄOcxaxoqHofi ÄJiHHe L > (4,5 -f- 6 ) h onxHMaJibHOM yrjie pacuiH- 
peHHH noxoKa 6 = 12 -h 14° ee KÜTI. MaKCHMaJibHbifi no cpaBHeHHio- 
c^ÄPYrHMH xHnaMH xpy6. Ha coBpeMenHbix HHSKonanopHbix FSC ycxa- 
HaBJiHBaiOT oöbiqHO KancyjibHbie rHÄpoarperaxbi c KOMÖHHHpo- 
BaHHblMH OXCaCbIBaiOmHMH XpyÖaMH, KOTOpbie 6o- 
jiee npocxbi b HsroxoBJieHHH. TaKaa oxcacbiBaioinaH xpyöa (pnc. 177,. 
6, e) cocxoHX H3 HaqaJibHoro Konyca 1 neöojibuioH ÄJiHHbi, nepexoÄHoro. 
yqacTKa 2, r^e ceqeHHe xpyöbi H3MeH5iexc5i ox Kpyrjioro äo npHMoyroJib- 
Horo, H BbixoÄHoro ;y«J)^y3opa 3 npHMoyro/EbHoro ceqeHHH. 



Phc. 177. OrcacbiBaiomHe xpyõbi KancyjibHbix rHÄporypÕHH; 

KOHH^iecKasi; 6\ e — KOMÖHHHpoBaHHasi; / — naqajibHbiA KOHyc; 2 — nepexoflHoA yqacTOK; 

3 — BbixoflHoA ÄH<l><l)y3op. 


j],H(|)(|)y3opHOcxb KOMÖHHHpOBaHHOH oxcacbiBaiomeH xpyöbi cyme- 
cxBeHHO MeHHexcH no ee ä/ehhc h MOHiex cocxaB.XHXb b nepexojiHOM yqa- 
cxKe BCJiHqHHy nopn^Ka 20 h- 28°, b xo BpeMH KaK b KOHHqecKofi xpyöe 
npH paBHWx anaqeHHHX L, Dg, Fg sxa BejinqHHa nocTonnna h paBHa 
20 -j- 13°. Bojibman AH4x|)y3opHocxb xpyöbi Mon^ex npHBecxH k yxy^- 
meHHK) SHeprexHqecKHX KaqecxB ee h rH/tpoxypOnHbi b neJioM. B pn^e 
cjiyqaeB xaKoe pemeHHe cqnxaexcH sKOHOMiiqecKH oöocHOBaHUbi.M, 
xaK KaK KOMÖHHHpoBaHHyio oxcacbmaiomyK) xpyöy c nepexoAOM 
na npHMoyrojibHbie ceqeHHH moxkho BbinoJiHHXb h 3 cõopHoro jKejieso- 
öexoHa H xeM caMbiM yMeHbuiHXb cxoHMocxb ee coopyn^eHHH. OpH pas- 
paöoxKe oxcacbiBaK)LU,HX xpyö KOMÖHHHpoBanHOH (JiopMbi HaHÖojiee BaxK- 
HbiM HBJiHexcH Bbiöop Ä^HH HaqajibHOFo H nepexo^Horo yqacxKOB. 
OnbiXHbiMH HccjieAOBaHHHMH ycxaHOBJieHO, qxo flJiHHa nepexoÄHoro 
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y^acTKa SHa^HTe/ibHO BJiHaex na BejiHqHHy noxepb SHeprHH b OTcacbi- 
Baiomeö Tpyöe. CpaBHHxejibHbie HcnbiTaHHB OTcacbmaiomHX xpyö 
c pasjiHqHbiMH ÄJiHHaMH nepexoÄHoro yqacTKa Lnep = (1,24 -j- 3,7) 
noKasajiH, qTO jiy*imHe sHcpreTHqecKHe xapaKxepHCTHKH hmciot OTcacbi- 
BaioiuHe Tpyöbi c öojibuihm sna^eHHeM Lnep- OKOöqaxejibHbie peKOMCH- 
ÄauHH no Bbiöopy onxHMaJibHbix äJihh ynacTKOB oTcacbiBaioineH xpyöbi 
noKa OTcyrcTByiOT, xaK KaK hx BejinqHHbi saBHcnT xaiQKe or xnna pa- 
6oqero Kojieca u pexcHMa paöoxbi xypÖHHbi [6]. 

B npaKTHKe CTpoHTejibCXBa 3;iaHHH FSC, oöopyÄOBanHbix Bepxn- 
KajibHbiMH peaKXHBHbiMH xypÖHHaMH, npHMenniox b ochobhom Hsorny- 
Tjbie oxcacbiBaiomHe xpyöbi. O^naKo c})opMa Hsornyxbix oxcacbiBaiomHx 


Tpyo ÄOBOJibHO cjiOÄHaa, nxo yjotopojKaex cxoHMOcxb no^BOAHOH nacxn 
3j[i;aHH5i. C neabio ynpoincHHn ^opM oxcacHBaiomHx xpy6 n yÄenieBJie- 
HMH cxpoHxeabcxBa 3ÄaHH5i pa3pa6oxaHH xaK Ha3biBaeMbie pacmpyÕHbie 




'^mcacbteaH)ti{ue mpyõbi. 

Pacxpyönan oxca- 
cbiBaioman xpyõa ox- 
jinnaexcn ox KonnnecKOH 4)op- 
MOH KpHBOJIHHeftHbIX CXCMOK, 
Koxopbie onepnHBaKyrcn no on- 
peÄGJieHHOH 3aBHCHMOCXH (pHC. 
178). TaKan xpyoa anannxejib- 
Ho pacuiHpnexcn Knnay; ee 


P«c. 178. Paa™™ thoh pacipy6HHx BHXOÄHafl qacTfa pasMemaerca 
oTcacHBaiomHx rpyC: B OTBOflHineH KaMCpe cneuHaab- 

a Ji 6 — 6e3 kohohas» fl — c kohohaom. HOH (^OpMbl. FIpH ÕOJIblUHX 

pa 3 Mepax xypÖHHH pacxpyö- 
HBH oxcacbmaioman xpyöa onnpaexcn na öbinKH. 

Pacxpyönan oxcacbiBaioman xpyöa oÖJiaÄaex cnocoönocxbio Boccxa- 


HBBJiHBaxb KHHexnnecKyio anepmio npamaiomerocn noxona. 3xo npe- 
HMymecxBO pacxpyoHOH xpyöbi no cpaBHenHio c Haornyxon oxcacbmaio- 
men xpyöon j^ocxnraexcn sa c^ex õojibuiofi mnpnHbi oxBOÄnmen KaMepbi 
B njiane. Menbuian BMCoxa pacxpyönon xpyöbi oöecnennBaex skohomhk) 
cpe^cxB npn coopyxceHHH no;tBOÄHOH nacxn s^aHKH ESC. BesycjiOBHO 


HanjiyquiHMH rn^ipaBJiHqecKHMH xapaKxepHcxnKaMH oÖJia^aex oöbwnan 
KOHHqecKan xpyöa L = (4,5 6) D^, no eenpHMenenHe HaeepxnKajib- 

HBix xypönnax cpe^nen h öojibuion moiii.hocxh SKOHOMnqecKH neonpaB- 
Aano, xaK KaK CBHsano c öojibuihm sarjiyÖJieHneM ocnoBannn SAannn. 

JXjih yMeHbmeHHK sacxonnon soHbi, oöpaayiomeHCH b noxoKe na 
HeKoxopbix pexcHMax paöoxbi xypönnbi, b uenxpe xpyoH ycxanaBJiHBaiox 
xejio BpameHHK, xaK HasbiBaeMUH kohouõ. B sxom cjiynae pacxpyönyio 
OTcacbiBaioiii.yio xpyöy nasbiBaiox KOHoadaAbHoü. TaK KaK pacxpyönan 


orcacbiBafomaH xpyöa Moxcex BOCcxaHaBJiHBaxb snepmio apamarome- 
rocH noxoKa nocjie paoonero KOJieca, ee npaMeHenne öojiee nejiecooö- 
pasHo c paÄHajibHO-oceBbiMH paöoqnMH KOJiecaMH. Hsbccxho, qxo pa- 


ÄHajibHo-oceBbie xypÕHHbi, KaK xypönnbi o^HHonnoro peryjinpOBaHnn, 
MMeiox 6ö/[bmyK) BejiHqnny saKpyxKH noTOKa sa paöoqnM KO/[ecoM na 


HeonxHMajibHbix pejKHMax. 
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SHeprexnqecKne noKasaxe.qn pacxpyÖHon oxcacLiBaromen xpyöbi no- 
HHJKeHHOH Bbicoxbi Jiyqme HSornyxoH xpyöbi xaKon me BLicoxbi. Cyme- 
cxBeHHbiM neÄOCxaxKOM pacxpyöHbix xpy6 sBJinexcn hx öojibuian mn- 
pHHa B njiane {B = h HajiHqne onopHbix õbiqKOB. Flpn yMenbme- 
HHH uiHpHHbi oxBOiinui,eH KaMepbi KnZl xypÖHHbi yMeHbiiiaexcfl no 
cpaBHCHHio c xypÕHHOH c HSomyxoH oxcacbiBaiomeH xpy6oH xoh me 
BblCOXbl. 

B nocjieÄHHe roiibi Be^yTcn HccjieÄOBaHHn no paspaöoxKe BKonoMHq- 
Hbix oxcacbiBaiomHX xpyõ nonnmennoH BbicoxH. üpocxoe yMeHbiueHHe 
ÄJiHHbi oöbiqnoH KonnqecKOH xpyöbi g uejibio ee npHMeneHHH Ha eepxH- 
KajibHbix xypÖHHax npHBCJio 6bi k neonpaBÄaHHO öojibinoMy naACHHio 
KnH. (ÄTi = 3 -r- 6% H öoJiee). Mxoobi Haöemarb 3Torö, paapaöoxaiibi 
cneuHajibHbie (JiopMbi npHMOocHbix pacxpyõHbix xpy6 noHKmennoH Bbi- 
coxbi L = (l,5-^- 2) Dl. npHqHHOH noHHmeHHH KIIJI yKopoqenHOH 
KOHHqecKOH xpyöbi g yBCJiHqeHHbiM snaqeHHeM yrjia pacKpbixHH 0^< 12 
flBJisexcn nepeMeHHbiH rpaÄHenx ÄaBJienHH BÄOJib ee och, Koxopbiö onpe- 
flejinexcn no (})opMyjie 


dž 




(464) 


6 — nojiHbiH yroji pacuiHpeHHn noxoKa; — oxHOCHxejib- 

Hoe paccxoHHHe paccMaxpHBaeMOH xoqKH ox BXOÄHoro ceqeHHn ^nq)- 

d)V30Da: õ = — ?-oxnocnxejibHoe ÄaBiienne b noxoKe. 

Pacqexbi, BbinoJineHHbie npn noMomH saBHCHMocxn (464),^ noKasbi- 
Baiox, qxo rpaÄnenx ÄaBJienHs bo bxoähom ceqenHH KopoxKofi Konnqe- 
CKOH xpyÖH B 10 pas öojibuie, qeM b bbixoähom. üpn ynejiHqeHHbix yr- 
jiax pacuinpeHHK noxoKa HMeex Mecxo HHxencHBHoe HapacxaHHe norpa- 
nnqnoro cjion, ero oxpbiB h pesKoe BospacxaHHe BHyxpennHX noxepb 
sneprHH b KopoxKOH KOHHqecKofl xpyöe. 

OnbixHbie HCCjieÄOBaHHH noKaswBaiox, qxo KopoxKHe npnMOOCHbie 
oxcacbiBaiomHe xpyöbi, paccqHxaHHue npn ycjioBHH oöecneqenHSi no- 
cxoHHCXBa rpaflHenxa ÄaBJienHH Bjiojib och xpyöbi 

~ = const, (465) 

dz 


HMeiox MenbuiHC noxepH snepraH. B xaKoö xpyöe oõecneqHBaexcn onpe- 
ÄejieHHbiH saKOH HSMeneHHH njiomaÄeii Bnojib och xpyöbi, npn KOxopoM 
njioma;ib noxoKa HesnaqnxejibHO yBejiHqnBaexcs b naqa.fie h^ snaqn- 
xejibHo B BbixoÄHOH qacxH xpyöbi. BoKOBbie ctchkh pacxpyõnoH xpyõbi 
nojiyqaioxcn KpHBOJiHHCHHbiMH (pHC. 166,e); npH stom AnaMexp Jiioöoro 
ceqeuHH xpyöbi onpeÄeJinexcn h 3 BbipameHHs 



(466) 


12 Z-204 
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i^BejiHqHTL qacTOTy BpamenHH paöoqeno 
i oöecne^HBaex blicokhm cpez[He3Kcnjiy- 
bix HarpysKax xypÖHH qacTb conji ot- 
:onji ;],oji>KHo öhtb qexHbiM; bo HsöejKa- 
^H;^poa^pe^aTa BbiKJuoqaxb 
Jia. B peayjibTaxe yjiyqmeHHH npoxoq- 
pÖHH yBejiHqena 6bicxpoxo;],Hocxb na 
anopoB. 

L[].eHHH paöoqero KOJieca Bospacxaex 
pHBaeMbiH npoMejKyxoK BpeMeHH. OaK- 
efimee noBbimeHHe qacxoxbi BpaiueHHH, 
B HacxoHiij.ee BpeMH ÄOnycKaexcH 
MHHyxbi (npH mecxH connax h qacxoxe 
jejiHHeHHe qncjia y^apoB Ha kobui o6e- 
iHH xypõHHbi H npHMeHeHHe öojibiuero 
B peayjibxaxe Bec h cxoHMOcxb xH^po- 
DHmee BpeMH BepxHKajibHbie KOBuioBbie 
r FopHSOHxajibHbie, xaK rbk ycxanoBKa 
ex Bbiöpaxb öojibmyio qacxoxy Bpanie- 
iHMOcxb renepaxopa, h nojiyqHXb 6ojib- 
poarperaxa npn MeHbujHx raöapnxax 

HCHHK) CXOHMOCXH 3ÄaHHH FSC. 

H pa^HajiBHO-oceBbix rH.n;poTyii6HH 

poueccbi paOTaJibHo-oceBOH h kobluo- 
0 oxjiHHaioxcH Me>KÄy coöoH [18; 27]. 

Hsr-bo JTeHHHrpa^CKoro yHHBepcH- 

e npe;].ycMoxpeHH CHHpajibHan KHMepa 
BOpOXHbIMH JIOnaXKaMH, KOXOpbie B 3a- 
MCHHIOX BeJIHHHHy paCXOJ],a H IIHpKy- 
;ee KOJieco. IIosxoMy BejiHHHHa RaBJie- 
npaBJieHHe b noxoKe nepea h sa pa6o- 
.XORQ OT ORHOrO pejKHMa paÖOXbl K Rpy- 
pacxoÄ Bo;],bi qepes paöoqee KOJieco 
pe;].ejiHeMoro nojioHceHHeM nrHbi. Opn 
jpocxH H ee HanpaBJieHHe npaKxnqecKH 
; B noxoxe qepea paöoqee KOJieco xaKjKe 
, KaK npaBHJio, paBHo axMoccJjepHOMy. 
y cxpyeö h paÖoqHM KOJiecoM yMeHb-_ 
epxHH noxoKa. 

o-oceBOH xypÖHHbi AaBJieHHe b noxoKe 
iro npOJ,BH>KeHHH OX CHHpajIbHOH Ka- 
acbiBaiomeH xpyöbi. B kobuioboh xyp- 
Jia b BH;],e CBo6o.HHbix cxpyft, nocxy- 
[JjHqecKoe HSMeneHHe ;taBJieHHH b npo- 
y^pÖHH noKasano na pnc. 61, a, 6. 


HeoxbeMJieMbiM sjieMenxoM npoxoqnoH qacxH peaKXHBHofi “rypÖHHbi 
HBjinexcH oxcacbiBaiomaH xpyöa, b Koxopoö KHHexHqecKan sh =^sprHH no- 
xoKa Ha BbixoÄe h3 paöoqero KOJieca npeoöpasyexca b ^iohojihbz jEHixeJibHoe 
pa3pe>KeHne noji hhm. B kobhjoboh xypÖHHe Bo^a c paöoqeei— ~«d KOJieca 
nonaÄaex Henocpeji,cxBeHHo b hh>khhh öbetj», nosxoMy qacxb met -snopa na 
xypÖHHe b BH;],e pasHocxH oxmcxok xohkh KacaHHH cxpyH k -«n^peÄHeMy 
üHaMexpy KOJieca h HHjKHero 6be(|)a xepnexcn. 

rioÄBOii BOÄbi K KOBHjaM paöoqexo KOJieca napunoHajibHr x. e. 

B BH^e oxÄCJibHbix cxpyö, qxo orpaHHqHBaex hx yAejibHyio E"^-«=oiu,Hocxb 
H ÖblCXpOXO^HOCXb. B peaKXHBHOH XypÖHHe nOXOK nOABOZlHXCH MHO BCeMy 
nepHMexpy paöoqero KOJieca. 

B ziHanasoHe nanopOB H = 200 -j- 700 m bosmojkho np^t^ MeneHHe 
BbicoKOHanopHbix pajiHajibHo-oceBbix h kobhiobhx rH;i,poxyp ^ Ttttt He- 
oöxoähmo peuiHXb, KaKOH XHH xypÖHHbi oöecneqHx öojiee RKTr <—^ KHe xex- 
HHKO-3KOHOMHqecKHe HOKasaxejiH SHeprexHqecKoro oöop^i^^oBaHHH 
H S^aHHH rsc. B CBH3H C 3XHM HpH HpoeKXHpOBaHHH BblCOiaE-C: OHaHOp- 
Hbix rSC H Bbiöope xypÖHHHoro oöopyAOBaHHH na yKa3aHHbi^^= nanopH 

cJieÄyex npHHHMaxb bo BHHMaHHe cjie^yiomHe cooöpajKeHHHi _ 

PaÄHajibHo-oceBbie xypÖHHbi HMerox pn/t npeHwyiii,ecxB nc^ cpaBHe- 
HHK) C KOBUIOBblMH, a HMeHHOI OOJIbmaH 6bICXpOXO/].HOCXb 'MZ^^^pÕHHbl, 

o6ecneqHBaiou].aH MeHbuiHe Bec h raöapnxbi XHflpoarperaxa, ^jxo oco- 
OeHHo BajKHo npH cxpOHxejibcxBe noÄsewHbix TBC; 6ojiee BbicoK=z KUJX 
B ÄHanasoHe narpysoK 80 100% ox pacqexHofi Mom.HocxH n:—^^pÕHHbi; 

öojiee nojiHoe ncnojibSOBaHHe nanopa Ha FSC npH ycxanoBKe aöoqero 

KOJieca Ha^ ypoBHCM HHÄHero 6be^a. 

C ÄpyroH cxopoHbi, KOBuioBbie xypÖHHbi HMeiox CEOH npeHM ~^w mecxBa; 
MeHbmee noBbinieHHe ÄaBJieHHH b nanopHOM xpyöonpoBOÄe h HSMe- 

HeHHH HarpySKH Ha xypÖHHe; npH HajiHqnH BSBeuieHHbix TT!ep _ b tx qac- 
THU. B BO^e H3HOC COHJia H KOBUieH SHaqHXCJIbHO MeHbIIie, H3HOC 

ynjioxHeHHH paöoqero KOJieca paÄnajibHo-oceEOH xypÖHHbi, nosxoMy 
CHHHieHHe KFITl kobhjoboh xypÖHHbi B npouecce ee skchje ^-yaxauHH 
MeHbuie. KpoMe xoro, npH Majibix narpysKax na lypÖHHe b ^s^HquHa 

Knjl, KOBUIOBOH xypÖHHbi ÖOJIblUe no CpaBHCHHK) C paÄHaJIbHO - OCeBOH. 

PacxoÄbi Ha oöcjiyjKHBaHHe kobuioboh xypÖHHbi Menbuie, ee= ocMOxp 
H peMOHx upome. 

§ 86. HcnojibsoBaHHe anepriiH noxoKa b kobuioboh rHflpo'M^“^yp6HHe 

ripH HsyqeHHH paöoqero npou,ecca kobuioboh xypÖHHbi pa < — - ^^ Maxpu- 
Baiox cHJioBoe BsaHMOAeiicxBHe Me>K.ny cxpyeu h kobiuom, oup^^s^ejiHiox 
onxHMajibHyio qacxoxy BpameHUH paöoqero KOJieca, BejiHqHm KT l/T. 

H rH/tpaBjiuqecKHe uoxepH snepruH b ru^ipoxypÖHHe [27]. Mr r— -j ^pttobr- 
HHe BbinojiHHiox npH onpeAejieuHbix AonymeuHHX. B qacxHOCx^^^ , uojia- 
raiox, qxo ;];HaMexp cxpyn SHaqHxejibHo MeHbuie AwaMexpa p- paöoqero 
KOJieca D^, a pacnpe^B/ieHHe cKopocxH b uonepequoM ceqeuHHi cxpyH 
paBHOMepHoe. 

Cnjiy BsaHMoneficxBHH cxpyu c kobiuom onpefleiiHiox, Hcrrzn^DJibsyH 
xeopeMy oö HSMeHeHHH KOJiHqecxBa /i,BHHceHHH noxoKa Ha yqar.T K~ cxpyH 


335 



Me>KÄy ceqeHHHMH I —/ h II—II (pHc. 183). HsBecTHo, qTo nsMeneHKe 
KOJiHqecTBa ÄBHJKeHHSi noTOKa d {mv) sa neKOTopbiH npoMejKyxoK Bpe- 
MeHH dt paBHO paBHOAeHCTByiomeH R Bcex cuji, ÄeHCXByiomHX na pac- 
CMaxpHBacMyio Maccy noxoKa sa xo >Ke speivia: 

d {mv) = Rdt. (467) 

TaK KaK ÄBHxceHHe cxpyH ycxaHOBHBUieeca, onpeflejieHHH 

BejiHqHHbi d{mv) Äocxaxoqno BbiHHCJiHXb pasHocxb snaqeHHH KOJiaqe- 
CXBa ÄBHJKCHHH o6'beMOB JKHÄKOCXH / —r H / 1 — II". Oo HSBeCXHOH BB- 
jiHqwHe d{mv), BbiqHCjieHHoft Bj[OJib och X — X (HanpaBJienHe äbh- 

<^^Tr^oTT£iTTcrtr\'T' J?.. Q PH 1T\7 P„ 

zncjnH/i U wiA|-/x-</4,wi7iiv./1 


1 

% — 

/ V 


1 


Phc. 183 . K onpcÄejieHHK) cHJiOBoro B 3 aHMOÄeHCTBH 5 i 
MejKjiy crpyeH h kobujom. 

BOSTteficxBHH cxpyH Ha KOBUi. HsMeHeHHe KO/EHqecxBa äbhxcchhh, yxa- 
saHHbix oõbCMOB jkhäkocxh, onpeaeJiaexcH hs BbipajKCHHH 

d {mv)n-u ' — d {mv)i-i • = m {W 2 ^ — Wx^) = {W 2 ^ — WiJ, (468) 

r^e W2x = eos PgJ ^ix ~ ^ ^ ^— npocKHHH oxHOCHxejibHbix 

CKopocxefi noxoKa na HanpaBJieHHC nepeMemeHHH KOBUia X — X. 
Hcnojibsyn ypaBHCHHH (467) h (468), nojiyqaiox 

w (eos Pa — 1) = Rxdt, 

oxKy^a onpe^e^iHioT peaKUHio KOBUia Ha cxpyio 

r^===^{v — u){cos^2 - 1 )- 

B CBOK) oqepcÄb, cHJia bosäckcxbhh cxpyH na koblü 

Px = —Px {^ — U){1— eos Pa)- 

OnpeÄCJiHiox MaKCHMaJibuyto BCJiHqHHy Px chjibi 
cxpyH Ha KOBUI B HpeÄHOJIOMeHIiH W = 0 H Pa ^180°; 

p 2'xQv 

^x max — • 


(469) 

(470) 

BOSÄCKCXEHa 

(471) 



B cjiyqae bbixoäb xypÖHHbi b pasroH {v ^ u) CHJia BOSAeHcxBHH 
cxpyH Ha KOBUI npHMcpHO paBHa uyjiio. 

Moiu.HOCXb, pasBHBacMaH xypÖHHofi 

N 3 ^ = PxU=^^{v — u){l — eos Pa) (472) 

o 


BejiHquHa rH^paB/iHqecKoro KOJI. xypÖHUbi 


N. 


7]f 


3(J) -yQ (V — It)u(l— eos Pa) _ 1 


N 


gtQH 


-^{v — u)u{\— eosPa)- (473) 


JIjih onpCÄeJieHHH MaKCHMajibHoro KIIJl Bbiqucjiaiox qacxnyio npo- 
HSBOÄHyK) BbipaÄcHHH (473) no ii K npHpaBHHBaiox cc Ky'^JIK); 

^'*Jr (1 — eos po) (u — 2u) _ ^ 


Hacxnaa npoHSBOAHaa paBHa nyjiio, ccjih v — 2« = 0. CncAOBa" 
xcjibHO, onxHMajibHaa qacxoxa EpamcHHu paöoqero KOJieea, npH koxo- 
poH KRn xypÖHHbi MaKCHMajibHbiH, paBHa: 


(474) 


OoAcxaBHB SHaqcHHC u hs ypaBHCHHH (474) b ypaBHCHHC (473), onpe- 

ÄCJIHIOX MaKCHMaJIbHHH KFIJl, XypÖHHbl 

Tf 3 rmax=^(l —cosPa)(t; — y) y (1 — Pa) ^. (475) 

Ec/[h 6bi cxpya noBopaqHBajia b ko biuc na yroji pa = 180°, xo hs 
ypaBHCHHM (475) TJr inax= 1 (xSK KSK V^}/^ 2g^/7). OpH OÖXCKaHHH HJIOCKOH 
HJiacxHHbi, nepncHAHKyjiHpHOH k cxpye, yroji Pa = 90°, h npu ycjiOBHH 

u = ~ Kn/T paBHHJica 6bi xojibko tj = y. OojiycipepHqecKaH (JxDpMa 

KOBUia oöecneqHBaex noBopox noxoKa noqxH Ha 180° h xcm caMbiM 
SHaqHxcjibHO yBCJiHqHBaex uepcAaqy SHcpruH cxpyu paöoqeiviy KOJiecy. 
B AeöcxBHxcjibHOCxH noBopox cxpyH b kobiuc ocymecxBJiHCxcu Ha yroji 
P 2 = 173-f- 176°. KpoMC xoro, npouecc npeoöpasoBaHHH b coujic noxeu- 
UHajibHOH sHCpruH b KHHCxHqecKyio cBHsau c noxepuMH. C yqexoM 

CKasaHHOrO MOJKHO sanucaxb Uom < y H Tjr max < 1 • 

ycxanaBJiHBaiox saBHCHMOCxb Me>KAy BCJiHqHHOH KTIJX h ruApaBJiH- 
qecKHMH noxepHMH b kobiuoboh xypöuHC. Z],jih axoro abhhcchhc KOBiuefi 
paöoqero KOJieea saMCUHiox npuMOJiHHeÖHbiM uocxynaxcJibHbiM abhjkc- 
HHCM OAHOrO SKBHBaJICHXHOrO KOBUia, Ha KOXOpbIH nOCXOHHHO BOSAeU- 
CTByex cxpyu. CquxaiOT, qxo nocxynaxejibHaa CKopocxb SKBHBajicHXHoro 

KOBiua paBHa oKpy:>KHOH cKopocxH paöoqero KOJieea na paAHyce Ri = -j, 

npCAnojiaraiox xaKJKC, qxo qacxHUbi x^hakocxh nepcMcmaiOTCH 
B kobiuc b hjiockocxhx, napa/[JiejibHbix och cxpyu h hjiockocxh pa6o- 
qero KOJieea. KpoMC xoro, upcAnojiaraiox, qxo cjioh HiHAKOcxH BHyxpH 
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KOBIIia JiOCTaTO^HO TOHKHH, 3 ^aCTHIXH JKHÄKOCTH J(,BHÄyTCJI HO OÄHHa- 
KOBbiM TpaeKTOpH5iM [271. ÄeficTBHTejibHoe TeqeHHC noTOKa b kobuio- 
BOH TypÖHHe SHaqHTCJibHo cjiojKHee. O^naKo saBHCHMOCTH, nojiyqen- 
Hbie c HcnojibSOBaHHeM nepeqHCJieHHbix ;i.onymeHHH, KaqecTBeHHO 
corjiacyiOTCH c pesyjibTaTaMH onbiTHbix HccjieÄOBaHHH. 

/T.n q onpeA^GHHB saBHCHMOCTH ueTKJiy rHÄpaBJIHHCCKHM KriH Tjp 
H noTCpHMH sHeprHH hi _2 b paöoqeM KOJiece HcnojibsyiOT ypaBHCHHe 
JT. Söjiepa äJih TypöoMaiiiHH (78) h ypaBHCHHe sHcprHH othoch- 
TCJibHoro noTOKa (59) (cm. § 11; 12). ypaBHCHHe sneprHH oTHOCHTCJib- 
Horo noTOKa sanncbiBaiOT äjih BXOii,Horo h BbixoziHoro ceqeHHH: 


7 + + 2g 2g - T ^ ^ 


—(476) 


B äbhhom cjiyqae ri~ = h — u. Hs paccMOTpCHHH 

TpeyroJibHHKOB cKopocTefi (pnc. 183) na Bxo^ie h Bbixo.zi,e hs paöoqero 
KOJieca: = Vu^y Vu^ — u — eos (180° — ^ 2 )- ^ HHTbiBaji, hto pi = 

= P 2 = PaxM; Ui = « 2 ; = ^ 2 , H3 ypaBHeHHH (476) nojiyqaioT sasHCH- 

MOCTb MCJKJiy OTHOCHTCJIbHblMH CKOpOCTHMH HOTOKa Ha BXO^e H BblXOAB 
H3 KOBUia 


= Vwl— 2ghi_2 = Wi 




= ^Wi. 


(477) 


C ÄpyrOH CTOpOHbl, OTHOCHICJIbHaH CKOpOCTb HOTOKa W 2 = Cti^i = 
= C (üi — w), OTKy^a onpe;iejHiioT oKpyiKHyio cocTaBJi5HOui.yio a6co- 
JIIOTHOH CKOpOCTH Ha BblXO/tC H3 KOBUia = « + C {Vi — u) COS ^ 2 * 
no;i,CTaBJi5iH SHaqeHHH H Vu^ B ypaBHCHHe Jl. 3H/[epa, nojiyuaiOT: 

Jl^gH = u [{Vu, — M) — C {Vi —U) eos P 2 I = «(C^i — «) (1 — C eos P 2 ). 

OTKyAa nojiyqaiOT BbipaxccHHe äjih KIUT TypÖHHM 

_ u (oj — u) (1 — C eos P 2 ) C4781 

TQr — gfj ■ \ f 


(478) 


riOÄCTaBJIHIOT B ypaBHCHHe (478) BblpaJKCHHU CKOpOCTHOrO K03(|)(|)H- 
UHCHTa H K03(|)(l)HIIHeHTa OKpyJXHOH CKOpOCTH: 


0 = 


V2gH ’ 


Vi ^) ]/ 2gH ■ 

ITocjie npeoopasoBaHHH ypaBHCHHC (480) npHHHMacT bhu, 


(479) 

(480) 


7]r = 


—-^](l-Ccos Pa) 


1/ 2g// . 1 


=-2(1 — Ceosp2)^^^(l —'l^)- (481) 


Hs paccMOTpcHHH ypaBHCHHH (481) cjieÄyeT, uto rHÄpaBJiHuecKHH 
KITTI. KOBUIOBOH TypÖHHM SaBHCHT OT BCJIHHHHH K034x|)Hll.HeHTa C» KO- 


Topbiö onpcÄeJiHCTcsi rHÄpaBJiHuecKHMii noTcpHMH B paöoHCM I^jiece; 
yrjia pa otkjiohchhh CTpyu b kobiuc; BCJiHHHHbi K034)4)HUHeHTa xa- 
paKTepH 3 yioiii.ero noTcpu b cohjic, h sHaucHHfl K034x|)HH,HeHTa il) OKpyjK- 
HOH CKOpOCTH. Ko 3 (l)(J)HUHeHT C yUHTblBaeT HOTCpH SHCprHH, B03HHKaK)- 
mne npH ;^BHJKeHHH bhskoh jkhj].kocth BHyTpH KOBUia. 3 th noTCpH yBC- 
jiHUHBaioTCH npH yMCHbuiCHHH CKOpOCTH BpamcHHH paöoqcro KOJieea. 
H3 ypaBHCHHU (475) cJicÄycT, qTo npH noBopoTc hotokh b kobuic Ha 
yroJi 62 = 180° KUJX TypÖHHbi hmcji 6 h MaKCHMajibHoe SHaucHHC. Oä- 
HaKo npH p 2 = 180° uotok, cxoähuxhh c KOBUia, y^apsuicu 6 bi o TbiJib- 
HyK) HOBcpxHocTb nocJicflyiomero KOEma. Bo HSÖejKaHHc SToro yroji 
pg BHHOJiHHioT B HpcÄeJiax 173 176°. 

OrHOCHTCJIbHbie BblXOÄHUe UOTCpH 


h V 

' BHX _ 2 


y BHX _ 2 

^BhlX = Z7~ ^rrf-J 


(482) 


Hs paccMOTpeHHH BbixoÄHoro TpeyrojibHHKa cKOpocreö 
= + w^ — 2 uw 2 eos (180 — ^ 2 )- 

yqHTbiBau, qTO W 2 ^ l (^i — w) h bbihojihhb npeoöpasoBaHHfl, 
nojiyqaioT 

^ ^^ 2(1 _^) 2 _ 2 ^|;(i _,jj)Ccos(180° —Pa)]. (483) 

HoÄCTaBHB sHaqcHHC vi b ypaBHCHHC (482), hsxoäht BbipajKCHHe 

BUXOÄHblX OTHOCHTCJIbHblX HOTCpu 

== ^2 J^2 (^2 (1 _ ^)2 _ 2(|j (1 — i))) c COS (180° — pa)!- (484) 

lTT 06 bI onpeÄCJIHTb BCJIHqHHy ^l^onT, npH KOTOpofi BblXOÄHbie HOTCpH 
MHHHMaJIbHbl, BbiqHCJIHIOT HpOHSBOÄHyiO BbipaJKCHHH (484) UOHp H HpH- 
paBHHBaiOT ee nyjiio; 

^ ^2 _ 2{;2 —2Ccos(180° —P 2 ) + 

‘ ‘ 

+ 4CÜJ cos(180° —P 2 )] = 0, 


OTKyAa Onpe^e^nHIOT OHTHMa/EbHblft KOSlJl^IHUHeHT OKpyÄHOH cko- 
pOCTH 


C2 4- tL COS (1«0° — p-^) 

1 + ^ 2C COS (180° - P 2 ) 


(485) 


npHHHMaU t = K H3 ypaBHCHHU (485) HaXOJlHT “lp — 0,5. 

C yqcTOM noTcpb sHcpruH b paõoqcM KOJiece ^ ^ 1 h npH Pg 159 

noJiyqaiOT 


tl) 

i 


OHT - 


+ c _ c 

1 4- + 2C “ 1 + C 


(486) 


CorJiacHO ypaBHCHHio (477) C < 1, nosToMy tponx — 0,46-r-0,49. 
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BeJlHqHHa K034)4)HUHeHTa tj^onr saBHCHT TaK>Ke OT peJKHMa paÖOTbl 
xypÖHHbi, xapaKTepHsyeMoro pasHUMH SHaqeuHHMH n{ npH HSMeHeHHH 
iianopa na xypÖHHe: 



nDn 

604) 


0,0118 , 


(478) 


CKopocTHOH K 03 c})(J)HUHeHT xapaKTepHsycT noxepH SHeprHH b coiuie 
H B CTpye Ha yqacTKe ot conjia paöonero KO/[eca. Ero BejiHqHna na- 
XOÄHTCH BHpCAejiax O = 0,97 0,98. CymecxByex saBHCHMOcxb MCÄ^y 

K094)4)HUHeHX0M <D H KUJX coHJia. KHHexHHecKaji sHepxHH cxpyH Ha 
BblXOAe H3 COHJia 

(488) 

r^e r]c — KIIXI. conjia; 

Hn — BeJiHqHHa nanopa na bxoäc b con/[o, paBHan pasHOCXH na- 
nopa Ha xypöiine H h noxepb AH b KOJiJieKxope {H — AH). 

Ha ypaBHeHHH (488) cjie^yex, qxo 

Vi = V= 

OxKy^a 

<E> = K T]c- 


Krm coHJia aaBHCHx ox oxHomeHHH ÄHaMexpa cxpyH k ÄHaMexpy conjia 
do/di\ % = 0,95 0,98. 

KpoMe THjipaBJiHqecKHX noxepb b kobhioboh xypÖHHe HMeroxcH we- 
xaHHqecKHe noxepn b noÄiunnHHKax, BeHXHJinuHOHHbie noxepn na xpe- 
HHe BpamaionierocH paöoqero KOJieca o Boa^yx h o6x>eMHbie noxepH. 
B aaBHCHMocxH ox paaMepoB paöonero KOJieca, conjia h öbicxpoxoflHO- 
CXH nOJIHbIH Knzi KOBUIOBblX XypÖHH MOacex AOCXHXaXb BeJIHHHHbl 

T] = 91%. 


§ 87. OcHOBHbie rHÄpaBJiHMecKHe napaMexpbi 

H ÖblCXpOXOÄHOCTb 

Bbipax^eHHH A-na npHBe^eHHbix BejiHHHH pacxo^a, oOopoxoB h moiu- 
HocxH, a xaKHce öbicxpoxoÄHOcxH KOBmoBbix xypÖHH nojiyqaiox, 

HcnoJibayn Bbme^^eHHbie panee aaBHCHMOcxH (cm. § 20,22). 

npueedeHHbiü pacxod onpe^eviHiOT, BbiqHCJiHB BHaqa/[e pacxoÄ kob- 
mOBOH XypÖHHbl C OAHHM paÖOHHM KOJieCOM H OÄHHM COHJIOM: 

(490) 

XÄe do —^ ÄHHMexp cxpyH. 
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MHOrOCXpyHHOH XypÖHHbl 

q; 

r^e Zo — HHCJio cxpyfi. 

HpueedeHHbie oõopomu 

, tiD^ 60a) Y 2güi _ 60 V^2g ^ — 

2nV2iH ^ 

= (493) 



HpueedeHHüH Mou^Hoctm 

1000 - 3,48 tjZo® l rfo V _ 

“ 102 v Dj 

= 34 TjZo® . (494) 

EblcmpoxodHOcmb mypõuHU 


(492) 



Phc. 184. Bbi6op MHCJia 

COHJI B saBHCHMOCTH OT 
ÖHCTpOXOÄHOCTH TypÖHHbI. 


n, = 3,65«,- VOi^ = TT = ^ 

rjxe i(i = 3,65; K = 

KaK cjieAyex h3 paccMOxpeHHH saBHCHMOCxH (495), öbicxpoxoAHOCXb 
XYPÖHHbi nponopUHonajTbHa BejinqHHaM K, do/Di h pacxex no Mepe 
yBejiHqeHHH qncjia conji 2o. K-na kobuioboh xypOHHbi c oähhm conjiOM 

(Zo = 1) oxHomeHHe = 6 -f- 7, qxo cooxBexcxByex n, = 37 43. 

^ \ “o /min 

JXjIH MHOrOCXpyHHUX KOBUIOBblX XypÖHH (pHC. l84); 

npH 2o = 2 Ms = 53-^61; 

» 2o = 3 Ms = 65 75; 

» Zo = 4 ng = 75-h 87; 

» Zo = 5 /Zj = 93 -f- 97; 

» = 6 /Zg == 91 -j- 106. 

^eM Menbuie oxnomeHHe DJdo, xeM öojibuie öbicxpoxoÄHOCxb xyp- 
6hh (cm. ypaBHCHKe (495). O^HaKO npn anaqeHHax <6 — 7 KOjX 
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pesKo cHHJKaeTCH. nosTOMy coBpeMCHHbie TypÖHHbi npoeKTHpyioT 

ÄJIH nSmax = 60 H = 10-f- 18, ^TO COOTBeTCTByeT ÖblCTpOXOA- 

\ ^0 Jom 

HOCTH Ha OAHO COHJIO /Zj = 14 -r- 26. 


OnfaiTHbie HccjieAOBaHHH noKasbiBaroT, ^to AnaMexp cxpyH cjieAyex 
npHHHMaxb He Menee do = 55 mm\ b KpynHbix rHApoxypÖHHax AHaMexp 
CTpyH MOÄeT öbiTb do = 500 mm h öojibuie. 


§ 88. OnpcAe.iieHHe ochobbix pasMepoB 
KOBmoBOH rnApoxypÕHRBi 

npH npoeKTHpOBaHHH TypÖHHbl SaAaiOTCH HanopaMH //min, fjp, 
ffmax, eAHHHHHOH MoinHOCTbK) arperaxa H qHCJiOM arperaTOB na FSC. 
B xoAe npoeKTHpOBaHHH onpeAejiHiOT: AHaMexpbi paöonero KOJieca 
H CTpyH, HHCJIO COHJI, HaCTOTy BpaUieHHH H THn TypÖHHbI. Mtoöbi bm- 
ÖpaTb OHTHMaAbHblH BapHaHT, paCCMaTpHBaiOT HeCKOJIbKO THHOB THApO- 
xypÖHHHoro oöopyAOBaHHH na saAaHHbie ycjiOBHH [22; 27]. Aah npeA- 
BapHTCJibHoro Bbiöopa xnna TypÖHHbi moxcho BOcno/[b30BaTbCH homo- 
rpaMMOH (pHc. 181). 

MaKCHMa/EbHHH pacxoA Hepes xypÖHHy ajih saAaHHbix pacqerHbix 
moiahocth h Hanopa onpeACJiHFOT no ^^opMyjie 

102A^,, 

p w 


FAC KIHI TypÖHHbl npHHHMaiOT T]h = 0,86 -r- 0,9 — B SaBHCHMOCTH 
OT ee pasMepOB h THna. 

ZlnaMexp crpyn bbihhcjihiot npn noMomn saBHCHMOCTH (490): 




^Qmax 

Ji2o® V 2gNp 


0,545 




(497) 


TAe Zq — HHCJIO COnA; <I> — CKOpOCTHOH KOS^HUHeHT, BeAHHHHa KO- 

Toporo 0,97. 

TaK KaK HHCAO conA H oTHomeHHe Dj/do noxa HensBecTHbi, neAe- 
COOÖpaSHO BbinOAHHTb BblAHCAeHHH AAH pHAa SHaHCHHK: Zq = 1 -:-6 
H Z)i/do = 10 -V- 18, a saxeM Bbiöpaxb onxHMaAbHbifi BapHanx. 

OnpeAeAHKDT CHHXpOHHyio nacTOxy BpaLti.eHHH rHApoarperaxa, aa- 
AaBuiHCb onxHMaAbHbiMH npHBeACHHbiMH oöopoxaMH rvf — 39 o6/muh. 

OpH pacCMOTpeHHH paSAHAHbIX BapnaHTOB KOBmOBblX XypÖHH npH- 
HHMaioT BO BHHMaHHe CAeAyiomee. yBeAHqenne hhcab conA h yweHb- 
ineHHe oxHomeHHH Di/d^ npHBOAHX k coKpameHHK) pasMepoB xypÖHHtj, 
ee Beca h ctohmocth (ho npn stom xpeöyexcH öoAee caoähbih koaabk- 
Top); oAHOEpeMCHHO yBeAHHHBaexcH qacTOxa Bpauj.eHHH xypÖHHbi. Bec 
renepaTopa oöpaxHO nponopuHOHaAen KBaApaxy qacxoxbi BpameHHH, 
nosTOMy npH yBeAHneHHH qacxoxbi Bpaii;eHHH Bec renepaTopa h ero 
MaXOBblH MOMCHT CyiH,eCTBeHHO CHHAiaiOTCH. CAeAOBaxeAbHO, AJIA yMCHb- 
HJCHHH paSMepOB H CTOHMOCTH SHCpreXHqeCKOrO OÖOpyAOBaHHH H 3Aa- 
HHH r3C neAecooöpasHO npHHHXb BapnaHT xypÖHHbi c öoAbrneö qac- 
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TOTOH BpameHHH. HeoOxOAHMO TaKXCe OUeHHTb BCAHqHHy HanpHHCeHHH 
B paöoqeM KOAece, xaK khk c yMeHbuieHHeM oxHomeHHH Dj/do ohh 
B 03paCTaK)T. 

JXjir OKOHqaxeAbHoro Bbiöopa xnna h pasMepoB xypÖHHbi cpaBHH- 
Barox sHeprexHqecKHe noKaaaxeAH pasAHHHbix paöoqnx KOAec ajih sa- 
AaHHoro AHanasoHa H3MeHeHHH nanopa h mouuhocth Ha xypÖHHe c yqe- 
TOM BpeMeHH paOoTbi xypÖHHbi npH pasAHqHbix narpysKax. ^toöh o6e- 
cneqHTb bhcokhh cpeAHesKcnAyaxauHOHHbiH KFIÄ xypÖHHbi, peKOMeH- 
AyexcH npHHHMaxb npHBeACHHbie pacqexHbie oöopoxbi HecKOAbKo öoAbuie 
OHTHMaAbHbix. IlpHHHB BeAHqHHy n[p H CHHxpoHHyK) Ha^xy Bpame- 

fi' ^ 

HHa vTn^HHIOT AHaMexD oaöoHero KOAeca: D, = J2 -E. 

-, - . . X . - ^ 

OepBOHaqaAbHO pacxoA qepea xypÖHHy öbiA EbiHHCACH npHÖAHXceHHO 
npH npHHHTOM SHaqeHHH KHJX xypÖHHbi. OcxaHOBHBUiHCb OKOHqa- 
xeAbHO Ha onpeACAeHHOH BeAHqHHe AHa- 
Mexpa HaxypHOH xypÖHHbi, npH noMomH 
yHHBepcaAbHOH xapaKxepHCXHKH moac- 
AH yxoqHHiOT t]h h nepecqHTbiBaioT pae- ^o 
xoA. ZlaAee yxoqHHiOT AHaMexp do cxpyn, 
nocAeqero npHHHMaiOT bhxoahoh A^a- p^c. 185, OnpeAejieHHe nonpasKH 
Mexp conAa d = (1,1 - 4 - 1,2) do- Ha mJX = fW kobuioboh xyp- 
aaAaHHbie nanopbi /i/min, ^p, Hmax h õunu. 

npHHHTbie napaMexpbi xypÖHHbi expoHT 

SKcnAyaxauHOHHyio xapaKxepHCXHKy HaxypnoH rHApoxypoHHbi, noAb- 
syHCb yHHBepcaAbHOH xapaKxepHCXHKOH moacah. 

Rjisi BbiqHCACHHH KUJl xypÖHHbi npH pasAHqHbix pejKHMax ny^HO 
3HaTb nonpaBKy At], KOTOpyio onpeACAHioT cAeAyiomHM oOpasoM. JXJisi 
Kax^Aoro SHaqeHHH tii na yHHBepcaAbHOH xapaKxepncxHKe moacah Ha- 
XOAHT BeAHqHHbl 1f)M H H EblHHCAHIOT AHaMCXp CXpyH MOA^-^H 

do„ = 0,54501 I/QT. (498) 

^;^e Qi — npHBeACHHbiH pacxoA, npHXOAHmHHcn Ha oaho cohao. 

Ecah noAyqeHHan BeAHHHHa doM < 55 mm, npn noMomH KpHBOH 
^^ = } (do) (pnc. 185) onpeACAHioT nonpaBKy At], a saxeM KnZl. na- 
xypHOH xypÖHHbi a^h paccMaxpHBaeMoro pe>KHMa tjh = TIm + At]. 

Ecah dow > 55 mm, At] = 0 h t]h = tQm- 

Ha saKAioqHxeAbHOH cxaAHH Bbiöopa XHna h napaMexpoB xypoHHbi 
neoöxoAHMO npoaHaAHBHpoBaxb KannxaAOBAOJKeHHH Ha cxpoHTeAbcxBO 
ESC, cTOHMocxb sKcnAyaxauHH h peMOHxa, HaAOKHOCxb oöopyAOBaHHH 
H T. A- 

§ 89. Bblöop OAGMeHTOB npOTOqMOH qaCTH 

PasMepbi H (J)opMa noABOAHmero KOAena oahocohaoboh xypÖHHH 
HAH KOAAeKTOpa MHOrOCOHAOBOH AOJIAiHbl ÖbITb BblÖpaHbl XaKHMH, 
qxoöbi oöecneqHTb MHHHMaAbHbie rHApaBAHqecKHe noxepH h paBHOMep- 
Hoe pacnpeACAeHHe cKopocxH na bxoac b cohao. ZIah axoro cKopocxb 
noTOKa BO BXOAHOM ceqeHHH KOAACKxopa He AOAJKHa npeBbimaxb onpe- 
ACAeHHOH BeAHHHHbi V — K V 2g//, FAC K < 0,09 (qeM öoAbuie nanop. 



2 4 6 3 W /2 
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TCM MeHbuie K). PasMepu nonepeHHbix ceqeHHH KOJiJieKTopa onpejie- 
JI5IK)T HCX0Ä5I H3 yCJIOBHJI nOCTOHHCTBa CKOpOCTH ücp = COHSt BAO-^b 
ero cpeAHefi jihhhh hjih npHHHMaioT BeJiHqHHy Vcp BOSpacTaiomefl. Bxoä- 
HOH ÄnaM6Tp conJia npHHHMaioT B 3 -j- 3,5 pasa öojibuie, qeM Ha bbixoag 
H3 H6ro. riosTOMy fla^KC npH MaKCHMaJibHOM pacxoÄC qcp63 TypÖHHy 
cpeÄHHH CKopocTb HOTOKa B KOJUiCKTope npHMcpHO B 10 pa3 MeHbIIie, 
qeM Ha Bbixo;te h 3 conjia. Bjiaro^apH sxoMy noxepH sneprHH b kojuibk- 
Top0 HeBejiHKH. Ha ocHOBaHHH no/i,po6Hbix sKcnepHMeHxaJibHbix hccjib- 
;],OBaHHH paspaöoTaHbi (jDopMM KOJiJieKTopoB, yAOBJieTBOp5iK)ui,He npejii) 
HBJlHCMblM XpeÖOBaHHHM [271- 

KaK öbiJio oxMeqeHO Bbime, HanpaBJi5HOUi,HH annapax kobhjoboh xyp- 
ÖHHbi cjiyjKHX npeoöpasoBaHHH noxeHUHajibHofi snepxHH noxoKa 

B KHHexHHecKyio sHepxHio cxpyH H peryjiH- 

-poBaHHH pacxofla npH HSMeneHHH narpys- 

„,.- ZrX KH. ÜOSXOMy KOHXypH COHJia H HXJIbl CJie- 

-‘ ÄyeT sa^aBaxb xskhmh, qxoöbi oöecneqnxb 

__ njiaBHoe HSMeneHHe pacxoÄa npH nepe- 

^ -^ MemeHHH hxjih na xoä <S. KpoMC xoro, na 

_KaX^ÄOM OXKpbIXHH CKOpOCXb HOXOKa JiflJl- 

^ A. 5KHa HSMeHHXbCH HJiaBHO B^OJIb OCH COHJia. 

cõnjia OqepxaHHH COHJia noAÖHpaiox jiJin Bbi6paH- 

Hbix BXOÄHoro H BbixoÄHoro ero AHawexpoB, 
yqHXbiBan npH sxom (^opMy nrjibi, KOHcxpyKUHio MexaHHSMa ee nepe- 
MemeHHH h ^p. JIjih Bbiöopa onxHMaJibHofl (^opMbi conjia paccMaxpH- 
Baiox HecKOJibKo BapnaHxoB, äJi^i Koxopnix cxpoax noxeHUHajibHbie no- 
xoKH npH pasjiHqHbix oxKpbixHax h npOBO^ax woÄeJibHbie HccjieAOBaHiiH. 
Hjih oöpasoEaHHH KOMnaKXHoii cxpyn Heoöxo^HMO oöecneqHXb Aocxa- 
xoHHoe cyxceHHe noxoKa na bhxojio h3 conjia, qxo Äocxnraexca sa cqex 
npHHHXHH onpejieJieHHoro ueHxpajibHoro yrjia conjia y. Mo>kho peKO- 
MCHÄOBaxb cjie^yiomHe BejiHqiiHbi yrjioB conjia y u HXjibi a (pnc. 186): 
y/a = 60745°, 90760°, 80755°. 

OopMa ÄecJiJieKxopa h nojiOÄCHHe ero och noBopoxa jiojiJKHbi oöecne- 
qHXb MHHHMaJIbHbIH MOMOHX, AOHCXByiOmHH Ha Hcro CO CXOpOHbl cxpyH. 
CepBOMOxop, ynpaBJiHiömHH nojiOH<eHHeM Äe(|)JieKXopa, iiMcex npn sxom 
H aHMeHbiHHe pasMepbi. OpHMeHHiox pasjinqHbie cnocoöbi npejloxBpa- 
lueHHH Bbixo^a xypÖHHbi B pasroH: Ao4>JiGKxop, pasAOJiniomnH cxp^io 
Ha ÄBe qacxH (o^na qacxb cxpyH npoxojiHx mhmo paöoqero KOJieca, jipy- 
raa HanpaBJiaexcH na xbiJibHyio noBepxHOCxb KOBiiieH, qxo Bbisbisaex 
öbicxpoe xopMOJKCHHe paöoqero KOJieca); b Hrjie npeAycMaxpHBaiox cne- 
UHajibHbie JionaxKH, Koxopbie BbicxynaioT b hoxok npH pesKow cöpcce 
HarpysKH (npH 3 xom cxpyn SHaqHxeJibHO saKpyqHBaexcH h pacinHpH- 
excH, a ee sHeprHH pacceHBaexcH); ycxaHOBKa cneHHaJibHoro oxpax^a- 
xejiH Ha KOJKyxe xypÖHHbi, npn homoiuh Koxoporo cxpyn, oxBOjIHMaH 
ox paöoqero KOJieca npH yBeJiHqeHHH qacxoxbi ero BpamcHHH, oxkjiohh- 

excH Ha xbiJibHyio cxopony KOBUieH. 

ÜJiH npo4)HJiHpoBaHH5i KOBUiefi päöoqero KOJieca Hcnojibsyiox 
Hbie pemeHHH npHMofi h oöpaxHofi sa^aq (cm. § 15, 16). üjih pemeHHH 
npflMOH sa^aHH AOJiHiHbi 6bixb saAaHbi; (JxipMa KOBiiia, ero nojiojKeHHe 
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oTHOCHxeJibHO KOJieca h cxpyH, qacxoxa BpameHHsi KOJieca h CKopocii. 
cxpyH B pesyjibxaxe pemeHHH npHMOH saÄaqn onpeÄeJiHiox pacnpe^e- 
jieHHe CKopocxeö h AaBJieHHH b hoxokc na KOBUie. HpH homoiuh oõpax- 
HOH saÄaqH onpeÄeJiaiox (JxDpMy KOBUia, oöecneqHBaiomyio MiiHHMaJib- 
Hbie noxepH sneprHH npH BsaHMOjieHcxBHH cxpyn c kobhiom npH saAan- 
Hbix qacxoxax BpameHHH KOJieca h cKopocxH cxpyn. 

CoBpeMeHHbie ^lopMbi h KOHCxpyKUHH KOBUieii paspaöGxaHbi B pe- 
syjibxaxe MHoroJiexHHX sKcnepHMeHxaJibHbix HCCJieAOBaHHH. Mojkho 



Phc. 187. OcHOBHbie pasMepbi Koema pa6ouero KOJieca. 


peKOMeHflOBaxb cjieflyiomHe ocHOBHbie *P2; 

B = (2,8 ^ 4) do; Z. = (0,7-i-0.9) B; ft = (0,25_-;-0,3) B, b - 
= l,2'd„ + 5 MM-,e = (0,9 -- 1,2) cU- Mhcjio KOBiuea z paöoiero ko- 
jieca saBHCHX ox npHHHXoro oxhouichhh DjdQ. 

DJd 6 8 10 15 20 25 

2 " 17-^20 18--22 19^27 22--27 27-- 30 26--33 

npHHHXOe qHCJIO KOBUieö 2 äOJI>KHO 6bIXb AOCXaXOqHO ÖOJIbUIHM, 
qxo6bi HCKJiioqHXb npocKaKHBaHHe oxACJibHbix qacxHU cxpyH mhmo pa- 
6oqero KOJieca. OnxHMaJibHoe hhcjio kobuich oKonqaxeJibHO ycxanaB- 

TypÖHHHbiH KOJKyx cjiyxcHX aJih oxBOAa boah, cxoAHineH c pa6o 
KOJie4 B HH>KHHH öbecj). Bo^a ox pa6oqero KOJieca oxboahxch xaKHM o6- 
paaoM, qxo6bi HCKJiioqHXb ee nepeceqeHHe c paöoqHM KOJiecoM h cxpyaMH 
PasMepbi Kox^yxa BbiÖHpaiox MHHHMajibHo bosmojkhhmh, hockojibk} 
OHH onpeAeJiHiox raöapHXbi xypÖHHbi h bjihhkdx na ee 
SOHXaJIbHblX H BepxHKajibHbix xypÖHH npHMCHHiox P^^JiHqHbie (|)opMbi 
xvoÖHHHbix KomyxoB. B ropHSOHxaJibHbix kobuiobhx xypõHHax Bepx- 

IZ Zr. KOMyla «Meer np^ocTHe o^epTanaa « 

BO HSÖejKaHHe yBeJiHqeHHH BenxHJiHUHOHHbix noxepb. Ha BHyxpeHhen 
HOBepxHocxH KOÄyxa ycxaHaBJiHEaiox 0Tpa>KaxejiH oxKJioHHeMUX cxpyn 
H 0 Tpa>KaxejiH ajih npeAOXBpameHHH saxBaxa BOSAyxa h boäh b Bepx- 
Hioio qacxb Kojxyxa. B BepxHKajibHbix KOBUJOBbix xypOHHax qacxb boabi 
ox paooqero KOJieca otboahxch b BepxHioKD qacxb Komyxa h AaJiee b mim- 
hhö 6bed). Hxo6bi onpeACJiHXb (|)opMy KOÄVxa, hboöxoahmo npoaHajiH- 
SHpoBaxb aöcojiioxHoe ABHJKCHHe HOXOKa HOCJie paöoqero KOJieca h no- 
cxooHXb xpaeKxopHH ero qacxHU. B BepxHKajibHbix kobuiobhx xypõHHax 
npHMeHHIOX paSJIHHHbie ^opuu KOJKyXOB B saBHCHMOCXH ox reoMexpHH 
KOBiueH paõoqero KOJieca. 
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TaÕAUi^a II. noTCHUHajibHwe rHApopecypcw iwHpa 


TaÕAUna IV. napaMerpu KpynHeÄiiiHX ächctbvioiahx 
paAHaabHO-ocesbix rHApoxypÖHH 


Kohthhcht hjih crpaaa 

MoiUHOCTb, 

MJiH. Kem 

BbipaöoTKa, 
MJipA- Kem • H 

ripOI^CHT OT oClAHX 
sanacoB na scmhom 
luape 

EBpona 

240 

2100 

6.4 

Ashh 

1340 

11750 

35,/ 

A4)pHKa 

700 

6150 

18,7 

CeBepaaa AinepaKa 

700 

8150 

18,7 

FDjKHaa AMepaxa 

600 

5250 

16 

ABCTpaJIHH 

170 

1500 

4,5 


Taõnuiia III. IlapaMeTpbi AeflcTByioiuHX 
noBopoTHOJionacTHbix TypÕHH occBoro THna 



Hanop 

MOmHOCTb 

Kojihmc- 

HacTOTa 

<I>HpMa-H3rOTO- 

HaHueBOBaHHe FSC 

TypCHHhI 

N. Kem 

rarOB 

BpamCHHH 

n, o6/muh 

BHTCJlb 


BepmuKCAbHue 


BoAÄCKaa ESC hm. XXII 






cbesAa KOCC 

19 

126000 

22 

68,2 

J1M3 

j 

ÜAtepAan (PyMbiHHH — 






KDrocJiaBHH) 

27,16 

178000 

12 

71.4 

> 

JIxcynHH (BpasHAHH) 

21,1 

103000 

12 

78,3 

ACrSH 

KoBaac OopA (CUIA) 

35 

117500 

3 

105,9 

Ajijihc- 

HaJiMepc 

Afic Xapöop (CniA) 

27 

105000 

3 

90 

» 

PoKH Bh^ (CIIIA) 

1 28 

103000 

7 

90 

. » 

PoqeTTa (HraAHH) 

56 

3700 

1 

500 

ACrSH 

HcmOhh (HxaJiHH) * 

88 

17800 

1 

375 

» 

Kacxejijiexxo (Hxajiaa) 

58 

12430 

1 

375 

» 

BajHOHCKaa 

55 

79500 

4 

187,5 

XTr3 

yi^KypraacKaa (AByxnepo- 






Baa) 

36 

52000 

1 

115,2 

JIM3 

FopusoHmaAbHbie KancyAbHue 



CapaxoBCKaa 

10,6 1 

47300 

2 

7.5 1 

JIM3 

KaeBCKaa 

7.7 

17200 

20 

85,7 1 

XTr3 

Paac ** (Opaauaa) 

5,75 

10000 

24 

93,75 

HeöpnaK 

repcxxeflu] 

9,8 

23000 

4 

107 

HeapnaK 


HaHMCHOBaHHe rSC 


rp3HA-KyjiH (CUIA) 

CTOpHOp-C>OpC (UlBeUHH) 

BayHAspH (CLUA) 

CeSreBapa (UlBeuHn) 

AcyaHCKaB (ErHner) 

BparcKaB 

HypcKCKaB 

KpacHOJipcKaB 

CaHHO-UIymeHCKaB (npoeKT) 


Hanop 

-^^p» JW 

MomHOCTb 
TypÖHHbr 
N, Kem 

Ko^h- 

qeCTBO 

arperaTOB 

MacTora 
BpameHHH 
n. oõImuh 

<I>HpMa-H3rOTOBH- 

TeJIb 

dHenanopHbie zudpomypõuHbi 


110,4 

100000 

18 

120 

Hbionopx-Hbioc 

75 

147100 

3 

125 

Hoxaö 

82,6 

167100 

4 

120 

- » - 

171 

222200 ' 

1 

200 

- » - 

57,5 

180000 

12 

100 

JIM3 

96 

230000 

20 

125 

— »— 

223 

310000 

9 

200 

xrfs 

93 

508000 

12 

93,8 

JIM3 

194 

650000 

10 

136,4 

— »— 


BucoKonanopubie zudpomypõuHbi (t/Koaaubi MaKcuMaAbHue uanopbi) 


HarypcKaa 

404 

265000 

5 

250 

XTFS 

C)epeppa (UlBeauapaa) 

522 

71000 

3 

750 

-»— 

Mioppefi (ABcxpaJiaa) 

520 

118 

10 

500 

Bobhh 

ycxa (HopBeraa) 

510 

92 

2 

500 

Kaepaep-Bpyr 

Paaa (HopBeraa) 

495 

121 

3 

428,6 

—»— 

HapaAeJiAa (UlBeauapaa) 

494 

75 

4 

750 

Smep-Bacc 

CyaAaJi (HopBeraa) 

545 

70 

1 

600 

KBepaep-Bpyr 

CyHAepöapa (HopBeraa) 

460 

103 

1 

500 

-»— 

Pocxar (ABCxpaa) 

672 

58 

4 

750 

Smep-Bacc 

Xopaöepr (CjPF) 

652 

■231 

4 

600 

—»— 


ToÕAuiyi V. napaMCTpbi ACÖcTByioiuHx AHaroHanbHbix 
noBopoTHOJionacTHbix rHAporypÕHH 


HaHMCHOBaHHe r3C 

Hanop 

H, M 

MomHOCTb 
TypÖHHbl 
N, Kem 

Kojih- 

KCCTBO 

arperaTOB 

HacTOTa 
BpameHHH 
n, oõfMUH 

OnpMa-Haro- 

TOBHTCJIb 

AA>Kypa (UlBCuaa) 

58 

90780 

1 

166,7 

Hoxaö 

ByxxapMHHCKaa 

61 

77000 

1 

150 

JIM3 

BajibAGKaaac (Hcnaaaa) 

70 

76000 

3 

150 

HarAHUi- 

SjieKXpHK 

Cap Aasm-Bsk (KaaaAa) * 

25,3 

136,2 

33000 

87300 

6 

92,3 

— »— 

Taaaaa (^noaaa) * 

137,6 

97700 

2 

277 

» 

3eHCKaa 

78,5 

220000 

6 

136,4 

JIM3 


* yKaaaHbi waKCHMajibHbie Hanopbi. 

** OöpaTHMbie THApoarperaTbi npöJiHBHofi ajieKrpocTaHUHH. 


* OöpaxHMbie TypÖH-Hbi 

OpHMeqaHHe. B qHCJiHxejie npHBeAeau aaaqeHHH aanopa h MomaocTH 
Ä-HH TypÖHHHoro peÄKMa, a b saaMeaaxeAe — aacocaoro. 
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TaÕAUi^a VII. napaMCTpw KpynHefiiuHX ÄCHCTByiomHX 
KOBIUOBblX rHApOTVpÕHH 


HaHMeKOEaHHe FSC 

Hanop 
H, M 

MotriHOCTb 
TypÖiiHbt 
N, fcem 

Kojih- 

qecTBo 

arperaioB 

MacTOTa 
spauieuHa 
n, oõImuh 

OK PMS- HSrOTOBH' 
TeJlb 

KsMaao (KaaaAa) 

700 

116000 

16 

327 

JI,OMIIHHOH' 
Hhjkhhhphh H ÄP- 

TaxeBCKaa 

568 

54600 

3 

500 

i JIM3 

Fpocao (HxaAaa) 

600 

107000 

1 

333 

1 ACFEH 
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06oÄ paöo^iero KOJieca 180 
Oöopoxbi npHBeÄeHHbie 91 
OxKpbiTHe HanpaBJiHiomero annapaxa 
292 

-oxHocHxeJibHoe 292 

OxoöpajKenne KOH4)opMHoe 193 

— npHÖJiHÄeHHoe 193 

Ocb noBopoxa jionacxH paöonero KOJie- 
ca 229 

OpeHKa TonnocxH onpefle^iennn KH/l 
154, 155 

n 

riapaMexpbi paöonnx KOJiec peaKXHBHwx 
FHÄpoxypÖHH 221 

riepecnex KFI/l, Moaenn na naxypnyio 
rHÄpoxypOnny 115 
OoBepxHocxH oxoOpaÄaiomHe 193 

— xOKa ocecHMMexpnqHbie 67 
rioÄBOÄ boäu k paöonewy KOJiecy 24, 

263 

noÄOÖne ÄHHannnecKoe 88 

— reoMexpnnecKoe 87 

— KHHeMaxnqecKoe 87 

Oojiocxb paöoqero KOJieca 180, 181 
riojinpa npo4)HjiH 299 
rioxepn BHxpcBbie 107 

— ÄHCKOBbie 102, 112 

— xHÄpaBJiHqecKHe 102, 104 

— MexannqecKHe 102, 112 

— oÖTaeMHbie 102, 108 

— no jiJiHHe 102, 105 

-B HanpaBJinK)n],eM annapaxe 298 

rioxepn sneprHH b cnnpaJibHon naMepe 
285 

■-B oxcacbiBawnieH xpyöe 313 

noxennHaj] CKopocxn cyMMapnoro no- 
xoKa 267 

rioxoK aöcojiioxHbiH 49 

— BHHXOBOH 35 

— B paöoqcM KOJiece 56 


— ÄByMepHHH 46 

— KBasHxpexMepHbiH 66 

— MepHÄnonaJibHbiH 48 

— OUHOMepHblH 46 

— noxenuHajibHbiH 82 

— paBHOCKOpOCXHOH 81 

— xpexMepHbiH 47 

— UHpKyjinnnoHHbiH 49 

npoeKn,HH JionacxH ropnaoHxajibnaH 190 

-MepHÄHonajibHan 190 

riocxoHHHaH cnnpajibHOH KaMepbi .274 
nocxpoenne HanpaBJisioniero annapaxa 
307 

npo4)HJiHpoBaHHe KOBuien paöoqero ko- 
jieca 344 

— KOJioHH cxaxopa 287 

— JionacxH paöoqero KOJieca 178, 189 
ripocJiHJib KoneqHOH xoJimHHW 191, 242 

— OÄHHoqnuH 216 

riyjibcanHH ÄaBJiennH 322 

P 

PasHocxb noxeHnnajia MCJKÄy coccähh- 
MH HOpMaJIHMH 187 

PacnpcÄCJieHHe MOMenxa cKopocxn na 
Bxofle H BbixoÄe na paöoqero KOjieca 
222, 223 

PacnpeÄeJienne tojuuhh BÄOJib npo$H- 
jien 191, 241 

PacCXOHHHH B CBCXy MCJKÄy JIonaCXHMH 

198 

PacxoÄ npHBeneHHbifi 91 

— pacqexHUH 28 

— xoJiocxoro xofla 29 
PeryjinpoBanne pacxoaa 144 
- ÄBOHHoe 147 

-OÄHHoqnoe 147 

PejKHM HsoronajibHbiH 87 
- OnXHMaJIbHblH 30 

— pacqexHbiH 167 

PeinexKa npo4)HJieH KpyroBan 215 
Pbiqar 306 

Pbiqarn Hanpasjiniomero annapaxa 3C6 

C 

CepBOMoxopbi nanpaBJiHiomero annapa 
xa 307 

CepHH xHÄpoxypÖHH 24 

CepbXH nanpaBJiHiomero annapaxa 3C7 

CexKa noxoKa 82 

Ceqenne jionacxn KopneBoe 225 

— cnnpajibHOH xaMepbi BXOÄHoe 264 

— Jionacxn ropnaonxajibHbie 197 
-paflnaJibHbie 196 

— cnnpaJibHbix naMcp Kpyrjioro ceqe- 
HHH 265 

— -sjijinnxnqecKoro — 282 

-xpaneUHCBHÄHoro (xaspoBoro) — 

264 
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Cnjia BsaHMOÄeficxBHH cxpyn c KoamoM 
335 

— noÄTjGMHaH npocJiHJiH 216 
Cnjia conpoxHBJieHHH npoiJiHJiH 216 
CnJibi MaccoBHe 56 

— jionacxHue 56 
CncxeMa rnapoxypÖHHbi 24^ 

— Koopannax KpHBOJiHHennaH opxoro- 
HajibnaH 46 

Cxejiex KOJioHHbi cxaxopa 288 
CKopocxb aöcojnoxnan 49 

— BpameHHH cHHxpoHnaH 31 

— MepnanoHaJibHaH 49 

— HeBoaMymennoro noxona 224 

— oxHOCHxeJibnaH 50 

— nepenocnaH 50 

— noxoKa qepea pemexxy cpeannH bck- 
xopnan 224 

CKopocxn, nnayUHpoBaHHHe BHxpeBWMH 
KOHxypaMH 231 

Ckoc noxoKa nocjie nanpaBJiHtomero an¬ 
napaxa 296 
Cjioh BHxpeBOH 230 
Conjio KOBmoBOH xypönnM 330 
CTanuHH axoMHbie 6 

— rnapaBJinqecKHe sjieKxpnqecKne 6 

— npnnJiHBHbie 40 

— xenjioBbie 6 
Cxaxop 284 

Ctchäh rHapoxypÖHHHbie 149 
CxeneHb peaKxnBHOcxn 23 
Cxpyn 331 

CxeMa aepHBannoHHaH 11 

— nJioxnnnaH 10 

— nJIOXHHHO-flepHBaU,HOHHaH 12 

— cnennaJibnan 12 

T 

Teopema oo naMenennn KOJinqecxBa äbh- 
ÄCHHH 53 

_-MOMenxa KOJinqecxBa aBHJKe- 

HHH 53 

Teopnn cxpynnan (cm. oanoMepHbie 
mcxoäh npo^JHJinposaHHH 178, 189) 
Tnn KOJiena oxcacbiBaiomeH xpyobi 324, 
325 

— paöoqero KOJieca 162 

Tnnbi HanpaBHHKimHX annapaxoB 290 
ToJimnna jionacxn MaKCHMajibnafl 192 
TpeyroJibHHKH cKopocxen jionacxn Bxoa- 
Hbie H BbixoflHbie 193, 223 
Tpyöa oTcacbiBaioman 308 

— oxcacwBaiomafl Haornyxan 312 
- pacxpyönafl 312 

-npHMOOcnaH 312 

Typönna rnÄpaBJinqecKaH 22 

y 

Yrjibi Jionacxn BxojiHbie 189 
-BuxoÄHbie 190 


yroji axaKH na bxoäc b pemexKy 214 
—■ ÄHiJxJiysopa xoyöbi sKBHBajienxHbiö 
315 

— KonycHocxH nnjKHero o6o/ia 181 

— naKJiona Jionacxen ÄHaronaJibHoro 
paöoqero KOJieca 250 

— oxBaxa Jionacxn 190, 191 
-cnnpajanoH Kaiwepbi 264 

— noxoKa B cnnpajibHOH naMepe 267 

— ycxanoBKH Jionacxen paöoqero KOJie- 
ca 214 

yroJi ycxanoBKH npo^mjiH b pemexne 
216 

ypaBHeHHH flBHiKeHHH 51, 58 ^ 

-B ^opMC i poMeKO-JiaMoa 52 

- jlopeHna 56 

-Snjiepa 51 

— nepaapbiBHOCxH 51, 57 

— xypöoMamnn ocnoBHoe — 

— aneprHH 53, 61 

ycHJine rnapoarperaxa oceBoe 171 
ycKopenne KopHo.xHca 59 

<S> 

C>opMa noxoKa na bxoäc h Bbixone na 
paöoqero KOJieca 220 
OopMyjia AKKcpexa 118 

— n,apcH 285 

— KeMepepa 192 

— ripocKypbi-MyiHi 116 

— Xaxxona 118 

— irKTH 119 
C)opMyjibi nepecqexa 115 

X 

XapaKxepncxHKa MomnocxnaH 143 

— Hanopnan 143 

— oöopoxnaH 143 

— pacxoÄHan 143 

— yHHBepcajibnafl 143 

— SKcnjiyaxannoHHaH 143 
XapaKxepHcxHKH mÄpoxypÖHH 142 
-KaBHxannoHHbie 159 

-nyjibcannoHHbie 322 

— cHJioBbie nanpaBJiHiomero annapaxa 

305 

Xoä nopmHH cepBOMOxopa 307 

u 

Llenxp ÄaBJiennH .xonacxn 229 
LI,HpKyjiHii,nH 48 

— BOKpyr Jionacxn 48 

— na Bxone b paöoqee KOJieco 48 

— na BHXOfle na paõoqero KOJieca 48 

Macxoxa nyjibcaiiHH ÄaBJiennH 322 

— BpameHHH rHÄpoarperaxa cnnxpoH- 
nan 31 
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MacTfa npoToqnaH aKTHBHbix rHÄporyp- 
6hh 22 

-peaKTHBHbix — !9 

— cnHpaJibHOH KaMepbi OTKpbixaa 264 
HepreJK jionacTH xeopeTHqecKHH (cm. 

paöoqHe KOJieca paÄHajibHO-occBbix 
(177), oceBbix (212) h ÄHaronajib- 
Hbix (248) paöoqHX kojicc) 207, 228, 
263 

— cnnpajibHOH KaMepbi TeopexHqecKHH 
283 

Mhcjio KOBUieö pa6oqero KOJieca 331 

— KOJioHH cxaxopa 287 

— jionaxoK HanpaBjiHwmero annapaxa 
272 

— COnJI KOBUIOBOH XypÖHHbl 341 


ID 

LUar pemexKH 216 

UlHpHHa ÕJiOKa B n.xaHe 264 

lÜHpHHa jionacxH oxHOCHxeabHaH 255 

3 

SKcueHxpHcüxex JionaxKH HanpaBjiHio- 
mero annapaxa 292 
Snepms rHn,paBjiHq.ecKaH 16 

— KHHexnqecKan 23 

— MexaHHqecKaa 16 

— noxeHii.HajibHafl 23 

— noxoKa KHHexHqecKaa sa paöoqnM 
KOJiecoM 308 

— npnjiHBHafl 14 

— YÄeJibHaH 8 

34)<J)eKX MacmxaÖHHH 115, 133 


Or JIABJIEHHE 


BneAeHHe . 

§ 1, CoBpeMeHHoe cocxoHHne h nepcneKXHBbi pasBHxHn rHÄposneprexHKH . . . 

§ 2. TexHHqecKHe cxeMbi HcnoJibsoBannn rHÄposneprHH. 

§ 3. KpaXKHH oösop KOHCXpyKUHH COBpeMCHHblX rHÄpoXypÖHH. 

§ 4. KJiaccH(})HKauHn rnÄpoxypÖHH no paöoqeMy npoueccy. 

§ 5. OcHOBHbie napaMexptJ XHÄpoxypÖHH. 

§ 6 HcnoJibsoBanne pasjinqnbix xhhob rnflpoxypÖHH b cooxbcxctbhh c nanopaMH 
§ 7. HoBbie xnnbi rnÄpoxypÕHH n oöpaxHMbie rnÄpoarperaxbi. 


3 

5 

5 

8 

16 

22 

26 

31 

33 


HACTb nEPB A51 

OCHOBbl TEOPHH FHÄPABJIHHECKHX TVPBHH, HCnbITAKH51 MOÄEJlEfl 
H OnPEÄEJIEHHE OCHOBHbIX BAPAMETPOB HATVPHblX rHÄPOTVPBHH 


FAoea 1. OcHOBbi reopHH rHÄpaejiHqecKHx xypöHH. 

§ 8 . Sa^a^H pacqexHo-xeopexHqecKoro HccjicÄÖBaHHn npoToqnoH qacxH 

rHÄpoxypÖHH . 

§ 9 . CxpyKxypa noxoKa b npoxoqnoö qacxn peaxxHBHUX xHÄpoxypÖHH . . 

§ 10* ypaBHCHHn rHÄpoMexaHHKH, npHMenneMbie b xeopnH xHÄpoxypÖHH . . 

§ 11 . OcHOBHbie ypaBHCHHH aöcojiioxHoro h oxnocHxeJibHoro noxoKOB b npo- 

xoqnoH qacxH raÄpoxypÖHH. 

§ 12 . OcHOBHoe ypaBHCHHe rHÄpoManiHH.- • 

§ 13. TpexMepHbiH noxoK b rHÄpoxypönnax h sajtaqn npoeKXHpoBaHHH Jionacx- 
HblX .. 

§ 14 . CBBSb Me»c;i,y 4 )opMofi JionacxH h cocTaBjiHK)mnMH cKopocxefi h BHxpei 

B ocecHMMexpHqnoM noxoKe.. 

§ 15 . riocxaHOBKa npHMoö .. 

§ 16 . riocxaHOBKa oöpaxnoH .. 

§ 17 . OcHOBHbie SaBHCHMOCXH MCpHÄHOHaJIbHOro H UHpKyJIBUHOHHOro nOXOKOB 
B npoxoqHOH qacxH xHApoxypÖHHbi . 

FAaea II. DoAOÕne b rHApaBJiHqecKHX xypönnax. 

§ 18 . ycvioBHH, neoöxoAHMbie a-hh oöecnenennn noAoönn noxoKOB. 

§ 19 . jlHHaMHqecKoe noAOÖne hoxokob b rHApoxypöHnax . 

§ 20. npHBeACHHbie .. 

§ 21 XapaKxepHCXHqecKHe K 034 ) 4 )HUHeHXbi XHApoxypÖHH. 

§ 22 . Ko 34 ) 4 )HUHeHX öucxpoxoAHOCxn h KJiaccH^HKaiiHH rHApoxypÖHH no 

ÖblCXpOXOAHOCXH. 

FAoea III. noxepH SHepriiH b rHApaBJinqecKHx xypöHHax. 

§ 23 . Bhabi noxepb SHepran h KOj], mApoxypÖHHbi.• • - - • 

§ 24 . rHApaBjinqecKHe noxepn .. 

§ 25 . OöxjCMHbie .. 

§ 26 . /(ncKOBue .. 

§ 27 . MexaHHqecKHe .. 

§ 28 . riepecqex KHÄ moäcjih Ha HaxypHyio rHApoxypönHy. 


44 


44 

45 
50 

54 

62 

66 

67 

71 

77 

81 

86 

86 

88 

90 

92 

97 

101 

101 

104 

108 

111 

112 

115 
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rjia^ia IV. KaBHTauHfl b rHÄpoTypÕHHax .120 

§ 29. KaBHTauHH h ycjiobhh ee BosHUKHOBeHHH b noxoKe, npoTenaiomeM qepes 

rHÄpoTvpÖHHy.. . . . . 120 

§ 30. BhäBI KaBHTaUHH, CTa.miH ee paSBHTHH H nOCJICÄCTBHH KaBHXaUHH B 

rHÄpoMauiHHax.„.^23 

6 31. KaBHXaUHOHHblH KOafJxJjHUHeHX yCXaHOBKH H KaBHXaUHOHHbIH K034)4)HUHeHX 

xypÖHHbi.«* ■■ ■ Vc»r' !q? 

§ 32. OnpeACJieHHe Bbicoxbi oxcacbiBaHHH h ycxanoBKa xHÄpoxypöHH na I 13.1 

§ 33. SaKOHbi noÄOÖHH KaBnxaunH b noxoKax Mo;ie.xH h HaxypnoH xypÖHHbi . 133 

§ 34. B.iHHHue reoMexpnwccKHX napaMCxpoB npoxoHHOH ^iacxH h .lonacxHoS 
cKCXCMbi paOoHcro KOJieca na KaBHxaunoHHbie xapaKxepHCXHKH rH^po- 

xypÖHHbi. 

§ 35. Mepbi no npcÄOXBpaineHHio KaBHxauHH hjih oc.TaÖJieHHio ee nocjicÄCXBHH 13o 
§ 36. MexO;abi KaBHxauHOHHbix ncnbixauHH mApoxypÖHH.140 

rAaoa V. XapaKxepHCTHKH, HOMeHKJiaxypa h Bbjõop rHÄpoxypÕHH.142 

§ 37. Bn^ibi xapaKxcpncxHK rHjipoxypfiHH.142 

§ 38. Cnocoöbi pcry.HHpoBauHH pacxo^a.^.144 

§ 39. OciioBiibic 3 a;iaHH h oöbeM MoaeJibUbix HcnbixauHH.148 

§ 40. KpaxKan xapaKxepncxnKa coBpeMennbix ruapoxypÖHHHbix cxenaoB . . . 14.8 

§ 41. MexoÄHKa sneprexH^ecKHx ncnbixauHH Moaejien rHApoxypÖHH.152 

§ 42. nocxpocHHe ynnBepcaJibHHX xapaKxepucxHK Mo;^ejieH rnapoxypenH ... 155 

§ 43. MexoÄHKa KaBnxauHOHHtJx HcnbixannH Mo^eJieH rH;ipoxyp6HH.159 

§ 44, HoMCHKjiaxypa KpynnbiX BepxHKa.xBHbix oceBbix n pajiHaJibHO-oceBbix 

rH;^poxvp6HH. 

§ 45. OnpefleaenHe ochobhwx napaMexpoB Hax>^Hbix rHÄpoxypÖHH npn noMomn 

yHHBepcaJibHbix xapaKxepHCXHK MOfleJiefl.1^ 

§ 46. riocxpoeHHe 3 Kcn.xyaxauHOHHbix xapaKxepncxHK rnripoxypÖHH.1/2 


HACTb BTOPA51 

FHäPOMEXAHHMECKHE PACHETbl H BUBOP nPOTOHHOH HACTH 
1 hapabjikheckhx TVPBHH 


rAaea VI. Pacqex paöoMHx Koaec paAHajibHO-oceBoro inna.177 

§ 47. AlexoAbi pacnexa Jionacxubix CHCxeM peaKxnBHBix XHApoTypÖHH.177 

§ 48 Bbiöop pacnexHbix napaMexpoB h no.xocxn pafioHcro KOJieca.179 

§ 49. riocxpoeHHe MepnanonaJibHoro noxoKa . . . .^. .lo2 

§ 50. OAnoMepHbie mcxoabi npo(|)n.inpoBaHHH Jionacxeft. .189 

§ 51. npo4)H.iHpoBaHHe jionacxH b noxenUHa.xbHOM MepHAüonajibHOM noxoKC. 

IlpHMep .. 

§ 52. IloTcpn 3Heprini b paõoHCM ..209 

FAcea VII. PacMex paöoMHX Koaec oceBoro inna.212 

§ 53. OcHOBHbIC OnpcaC.lCHHH H SaBHCHMOCTH OAHHOHHOBO npo4)HJlH 

H pemexKH npc(J)H.aeH.^. • • 213 

§ 54. 7>lexo;;bi npG(|)ii.'iHpOBaHi!H .TonacxeH oceForo paCo^ero KO.ieca . 218 

§ 55. Bbiõop pacMexHbix napaMcxpCB h no.aocxH paöonero KOJieca.219 

§ 56. Sa^aHHe (J)opMbi noxoKa na pxcae h bkxo.xc h 3 paOo^ero Ko.xeca . . 220 

§ 57. IIocxpoeKne bxoahbix h Bb<xoAHb:x xpcyro.ibHiiKOB CKopocTcii iia pacqex- 
HblX nOBepXHOCTHX .. 

§ 58. MexoA iioAbeMHHx ch.t . . . ..22b 

§ 59. KoMnoHOBKa pemexoK npocJiH.icH.2- 

§ 60. Pacqex pemexoK npo(})H.qcft (oöpaxHan 3?.aaqa).23, 

FAaea VIIL AnaroHajibHwe noBopoxHOJionacTHbje rnÄpoxjpeHHbi.248 

§ 61. OüJiacxb npHMeHCHHH h nepcneKXHBBi pasBiixiia AnaroHa.TBHBix ruApo- 

xypÖHH . 

§ 62. CpaBHCHHe ;iHaroHa.qbHbix, oceBBi.x noEopoxHo.xonacxHBix h paAna.TBHO- 

oceBbix EHApoxypÖHH.. 2 


§ 63. OcHOBHbie reoMexpnqecKHe h rHApaB.iHqecKHe napaMexpbi AHaronaJibHbix 


rHApoxypÖHH XI,n/I60; JI,nJI45 h yI,nJI30 . 25^ 

§ 64. Bbiöop pacqexHbix napaMexpoB paöoqnx Ko.iec.25o 

§ 65. MexoAbi pacqexa JionacxnoH cHcxeMbi. OpHwep pacqexa paöoqero 

KOJieca 73,60 . .. . 259 

FAaea IX. rHApoMexaHHHCCKHe pacqexbi cnnpajibHbix KaMCp h cxaxopa . 263 

§ 66. THnbi xypÖHHHbix KaMep h o6.xacxH hx npHMenenHS.26^ 

§ 67. OopMa noxoKa b cnHpaJibHbix xaMepax n npHMenneMbie MexoAbi pacqexa 266 
§ 68. OöocHOBanne n Bbiöop pacqexnbix napaMexpoB cnHpaJibnon KaMepbi . . 268 
§ 69. Pacqex cnHpajibnon KaMepbi h3 vc.xobhh nocTonncxBa Mo.Menxa CKopocxn 

VuT = const. .273 

§ 70. BjiHHHHe cnHpaJibHoH KaMepu na sneprexnqecKHe xapaKxepncxHKH xyp- 

6HHbi.285 

§ 71. OpocJiHJiHpoBaHHe kojiohh cxaxopa rHApoxypÖHHbi.287 

FAaea X. HanpaBJimoiAHH annapax . .290 

§ 72. HasHaqenne h XHnu nanpaBJinioinHX annapaxoB.290 

§ 73. OcHoBHbie KOHcxpyKXHBHbie H XHApaB.XHqecKHe napaMexpu.291 

§ 74. OoxoK, ^^opMHpyeMbiH HanpaB.qHK)mHM annapaxoM.294 

§ 75. rioxepH 3HeprHH b paAnajibHOM nanpaB.xniomeM annapaxe.298 

§ 76. KoHHqecKHH h occboh HanpaBJWToinHe annapaxbi.300 

§ 77. K Bonpocy o npo^JHJiHpoBanHH jionaxKH.303 

§ 78. OnpeAGJieHHe ochobhbix napaMexpoB nanpaB.qnioiiiero annapaxa naxypnoH 

rHApoxypÖHHbi. 305 

FAaea XI. OxcacbiBaiomHe xpyöbi .308 

§ 79. HaanaqeHHe h npHMenseMbie xnnbi.308 

§ 80. rioxepH sneprHH h KOB^xJiHUHeHX BOCcxanoB.qeHHH oxcacbiBaioiu,eH xpyöbi 313 
§ 81. BjiHHHHe oxcacbiBaiomeH xpyöu na xapaxxepHcxHKH rHApoxypÖHHU . . . 318 

§ 82. Bbi6op xnna h pasMcpoB Hsornyxbix oxcacbiBaK)n],HX xpy6.323 

§ 83. OxcacbiBaiom,He xpyöbi Kancyjibnbix rHÄpoarperaxoB h pacxpyÖKbie xpyöbi 

BcpxHKajibHbix rHApoxypÖHH . 326 

FAaea XII. Kobuiobuc rHApoxypöHHbi.330 

§ 84. Oöinee ycxpoficxBO h coEpeMenntje xeHAenUHH pasBHXHS KOBiuoBbix 

rHApoxypÖHH.330 

§ 85. CpaBHCHHe kobiuobhx h paAnajibno-oceBbix rHApoxypÖHH.334 

§ 86. HcnojibSOBanne sneprHH noxoxa b kobuioboö rHApoxypönne.335 

§ 87. OcHOBHbie XHApaBJiHqecKHe napaMexpu h öbicxpoxoanocxb.340 

§ 88. OnpeÄCJieHHe ochobhbix paSMepoB kobluobch rHApoxypÖHHbi.342 

§ 89. Bbiöop gjieMCHXoB npoxoqHoii qacxH.243 

npn.xoJKeHHe 346 

CnHcoK JiHxepaxyptJ.351 

yKa3axe.qb xepMHHOB.352 
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